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U.S. HOUSE OF REPRESENTATIVES 
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY 

HEARING CHARTER 

Reality Check: The Impact and Achievability of EPA ’s Proposed Ozone Standards 

Tuesday, March 17, 2015 
10:00 a.m. - 12:00 p.m. 

2318 Rayburn House Office Building 

PURPOSE 


The House Science, Space and Technology Committee will hold a hearing entitled 
Reality Check: The Impact and Achievability of EPA 's Proposed Ozone Standards on T iiesday, 
March 17, 2015, at 10:00 a.m. in Room 2318 of the Rayburn House Office Building. The 
purpose of the hearing is to examine the scientific basis and technological achievability of the 
Environmental Protection Agency’s (EPA) proposed National Ambient Air Quality Standards 
(NAAQS) for ozone. In addition, witnesses will discuss impacts of these proposed national 
standards from a state and local perspective. 

WITNESS LIST 


• Mr. Harry C. Alford, President and CEO. National Black Chamber of Commerce 

• Mr. Ray Keating, Chief Economist, Small Business & Entrepreneurship Council 

• Dr. Mary B. Rice, Instructor in Medicine. Harvard Medical School; Pulmonary and Critical Care 
Physician, Division of Pulmonaiy, Critical Care and Sleep Medicine, Beth Israel Deaconess 
Medical Center 

• Dr. Allen S. Lefohn, President, A.S.L. & Associates 

• Mr. Eldon Heaston, Executive Director, Mojave Desert and Antelope Valley Air Quality 
Management District 


BACKGROUND 


Ozone (O3) is a gas that occurs both in the Earth’s upper atmosphere as well as at ground 
level (troposphere). Ozone in the upper atmosphere helps protect the earth from the sun's 
harmful rays such as ultraviolet radiation. Ozone at ground level is not directly emitted into the 
air, but instead is created by chemical reactions between precursor emissions, specifically 
nitrogen oxide (NOx) and volatile organic compounds (VOC).' Ground level ozone is 
commonly referred to as smog. 

The Clean Air Act of 1 970 (P.L. 91-604, with major legislative updates in 1977 and 
1990) directed EPA to set NAAQS for pollutants considered harmful to public health and the 


http://www.epa.eov7air/ozoneDoilution/'basic.hlml 
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environment.' EPA has set standards for six criteria pollutants, including carbon monoxide, 
lead, nitrogen dioxide, ozone, particle pollution (particulate matter), and sulfur dioxide. The 
Clean Air Act specifies two categories of standards; primary standards for public health 
protection and secondary standards for public welfare protection. 

The Clean Air Act requires EPA to review the NAAQS every five years to ensure 
adequate health and environmental protection is being provided. In 1997. EPA replaced the 
existing ozone NAAQS with an 8-hour standard of 84 parts per billion (using standard rounding 
conventions). In 2008, EPA issued a final rule revising the ozone standard to a level of 75 parts 
per billion.^ Just recently, however, on February 13, 2015, EPA finalized^ the requirements 
establishing that state, tribal, and local air quality management agencies must meet for areas 
where air quality exceeds the 2008 NAAQS.^ In July 201 1, outside of the normal five year 
review process, EPA submitted a draft final rule for reconsideration of the 2008 ozone NAAQS 
that President Obama then subsequently withdrew in September 2011.* 

Based on the advice of the Clean Air Scientific Advisory Committee (CASAC), the EPA 
proposed an updated ozone NAAQS which appeared in the Federal Register on December 1 7, 
2014.^ The proposal would set more stringent standards, by lowering the primary standard from 
the current 75 parts per billion (ppb) to a range of 65 to 70 ppb. Publication in the Federal 
Register begins the public comment period that ends on March 17, 2015. The agency must 
address significant public comments when it publishes the final standard. 

COMPLIANCE WITH THE NAAQS 

When the EPA revises the NAAQS for ozone, it must designate areas in the US which 
meet attainment or nonattainment of the standard. Attainment refers to a stale or region 
complying with federal regulations, while nonattainment means that an area is exceeding the 
regulated limit. States must individually develop a plan to comply with the NAAQS, including 
proposals for brining nonattainment areas into attainment. Reductions in ozone levels can be 
achieved by a variety of methods including pollution control technologies. Ozone control 
technologies generally target nitrogen oxides (NOx) and volatile organic compounds (VOCs). 
Control strategies focus on mission limits along with control equipment that may address 
specific industrial processes. State environmental agencies must then develop State 
Implementation Plans (SlPs).* Specifically, after each revised NAAQS is promulgated, both the 
EPA and states must undertake the following actions: 

• “Within two years after NAAQS promulgation: With input from the states and tribes, 

EPA must identify or "designate" areas as meeting (attainment areas) or not meeting 


“ http://www.epa.gov/air/criteria.html 
http:/7mvw.s:po.gov/fdsvs/pkg/FR-20Q8-03-27/html/E8-5i645.htm 
^ http://www.epa.gQv/groundievelozone/actions.htmifffeb2015i 
^ http://www.epa.gov/eroundievelozone/pdfs/20150213fr.pdf 

* http://www.whitehouse.gov/the-press-office/20l i /09/02/statement-president-ozone-national-anibient-air-Qualitv- 
standards 

^ http://www.gpo.gov/fd5Vs/pkg/FR-2Q14-12-17/pdf/2014-28674-pdf 
^ http://w\\'w.epa.gov7airquaiit\7urbanair/sipstatus./ovcrview.html 
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(nonatlainment areas) the standards. Designations are based on the most recent set of air 
monitoring data. 

• Within three years after NAAQS promulgation: All states must submit plans, known as 
state implementation plans (SlPs), to show they have the basic air quality management 
program eomponents in place to implement a new or revised NAAQS, as specified in Clean 
Air Act section 110. 

. Within 18-36 months after designations: Due dates for nonattainment area SlPs are based 
on the area designation date and vary by pollutant and area classification. SlPs for Ozone, 
PM 2 5, and CO nonattainment areas are generally due within 36 months from the date of 
designation. Each nonattainment area SIP must outline the strategies and emissions control 
measures that show how the area will improve air quality and meet the NAAQS. In addition, 
the CAA mandates that areas adopt certain specified control requirements.”'* 

After a state submits its SIP, EPA then reviews and either approves it in full, in part, or 
disapproves. The public has an opportunity to submit comments on EPA's proposed actions, if 
a state fails to submit a plan or if EPA disapproves of the plan. EPA is required to develop a 
federal implementation plan,'® 


ADDITIONAL READING 

• U.S. Environmental Protection Agency, National Ambient Air Quality Standards for Ozone, 
Proposed Rule. Available at: https://ww'w.federalregister.sov/arlicles/20 14/12/1 7/20 1 4- 
28674/national-ambient-air-aualilv-standards-for-ozone 

• U.S. Environmental Protection Agency, Regulatory Impact Analysis of the Proposed 
Revisions to the National Ambient Air Quality Standards for Ground-Level Ozone. Available 
at; http://www.eDa.uov/ttn/ecas/regdata/RIAs/20l41 125ria.Ddf 


“ hlt p:,'/w\TO .e Da.eov,'a ira ualilv/urbanair/sipstatu s/process.htnil 
^Nhid 
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Appendix A; 


Table of Historical Ozone NAAQS” 


Final 

Rule/Decision 

Primary/ 

Secondary 

Indicator 

Averaging 

level 

Time 

Form 

1971 

36 FR 8186 

Apr 30, 1971 

Primary and 
Secondary 

Total 

photochemical 

oxidants 

1-hoiir 

0.08 

ppm 

Not to be exceeded more than one 

hour per year 

1979 

44 FR 8202 

Feb 8, 1979 

Primary and 
Secondary 

03 

1-hour 

0.12 

ppm 

Attainment is defined when the 

expected number of days per calendar 
year, with maximum hourly average 
concentration greater than 0.12 ppm, is 
equal to or less than 1 

1993 

58 FR 13008 

Mar 9, 1993 

EPA decided that revisions to the standards were not warranted at the time 

1997 

62 FR 38856 

JlI 18, 1997 

Primary and 
Secondary 

03 

8-hour 

0.08 

ppm 

Annual fourth-highest daily maximum 
8-hr concentration, averaged over 3 

years 

2008 

73 FR 16483 

Mar 27, 2008 

Primary and 
Secondary 

03 

8-hour 

0.075 

ppm 

Annual fourth-highest dally maximum 
3-hr concentration, averaged over 3 

years 


” http://w\vw.epa.£;ov/ttn/naaqs/standards/o2one.'s o 3 histor\'.html 
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Appendix B: 


Percent Change in Air Qualify'^ 



1980 vs. 2013 

1990 vs. 2013 

2000 vs. 2013 

Carbon Monoxide (CO) 


-76 

3 ' -59 

O/oiie (Oj) ( 8 -hr) 

-33 

-23 

-18 

Lead (Ph) 

■ .-92 


-60 

iSitrogeii Dioxide (NOj) (annual) 

-58 

-50 

-40 

Nitrogen Dioxide (i\ 02 ) (1-hour) 

-60 

-46 

-29 

PM|,i(24-hr) 

— 

-34 

-30 

PM 2.5 (annual) 



filllliiliii 

PM2s(24-hr) 

— 

... 

-34 

Sulfur Dioxide (SO 2 ) (1-hour) 

-81 

-0 

-62 


Notes: 

1 . — Trend data not available 

2. Negative numbers indicate improvements in air quality 

3. In 2010, EPA established new 1-hour average National Ambient Air Quality Standards for 
N02 and S02 


http://www-eDa.gov/airtrends/aqtrends.htnil 
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Appendix C; 


Percent Change in Emissions:'^ 



1980 vs. 2013 

1990 vs. 2013 

2000 vs. 2013 

Carbon Monoxide (CO) 

-67 : 

59 

; -42 

Lead (Pb) 

-99 

-80 

-50 

Nitrogen Oxides (NO,) 



' -41 

Volatile Organic Compounds (VOC) 

-53 

-39 

-18 

Direct PMio c 

-50 

-20 


Direct PMjs 

— 

-24 

-32 

Sulfur Dioxide (SO2) 

-81 

-78 

Bitsilt:,;.,. 


Notes: 

1, — Trend data not available 

2, Direct PMIO emissions for 1980 arc based on data since 1985 

3, Negative numbers indicate reductions in emissions 

4, Percent change in emissions based on thousand tons units 


National and local air quality trends graphs showing the nation's progress towards clean air are 
available for: carbon mo noxi de (COT ozone tOtl . lead (Pb) . nitrogen dioxide (NOA . particulate 
matter tPMl . and sulfur dioxide ('SO^l . 


http://w\v\v.eDa.gov/airtrends/aqtrends-html 
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Chairman Smith. The Committee on Science, Space, and Tech- 
nology will come to order. Without objection, the Chair is author- 
ized to declare recesses of the Committee at any time. Welcome to 
today’s hearing, titled “Reality Check: The Impact and 
Achievability of EPA’s Proposed Ozone Standards”. I will recognize 
myself for an opening statement, and then the Ranking Member. 

Today is the final date to submit comments on the Environ- 
mental Protection Agency’s proposed National Ambient Air Quality 
Standards, or as it is sometimes called, NAAQS. The agency’s pro- 
posal seeks to lower the standard to 65 to 70 parts per billion, from 
the current 75 parts per billion standard that was set in 2008, and 
is only now being implemented. Our hearing will review the impact 
of this proposed regulation, and whether it can be implemented. 

By law, the EPA is required to review the ozone standard every 
five years, but the agency is not required to set new standards. Ac- 
cording to EPA’s own website, and this is on the PowerPoint 
screens on either side, according to EPA’s own website, since 1980 
ozone levels have decreased by 33 percent, while volatile organic 
compounds have decreased by over 50 percent. The air we breathe 
is significantly cleaner, and will continue to improve, thanks to 
new technologies. 

However, it is premature and unnecessary for the EPA to pro- 
pose a new standard when we have not yet given states the oppor- 
tunity to meet the 2008 standard. Many of the technologies that 
the EPA forces states to use either do not exist, or will be exces- 
sively expensive. In its regulatory impact analysis, the EPA as- 
sumes that these controls will somehow just automatically be im- 
plemented. As this next chart shows, at 70 parts per billion, over 
60 percent of the costs of the program are based upon so-called un- 
known controls, and at 65 parts per billion, unknown controls be- 
come 75 percent of the estimated cost. By the EPA’s own admis- 
sion, this rule is unworkable. 

I am also concerned that the science used to justify this rule is 
not good science. These proposed standards are impossible to meet 
in some places. The ozone level that occurs naturally would be 
above the standard set by the EPA, which would mean trying to 
beat Mother Nature. International transport of ozone from coun- 
tries like China and Mexico further complicate attaining the exist- 
ing ozone standards. The EPA has failed to adequately consider 
these issues. The proposed air quality change could cause many 
areas to be out of compliance with the Clean Air Act through no 
fault of their own. 

We should all be concerned about the process the EPA used to 
reach their conclusions. During earlier stages of this rulemaking, 
EPA relied upon studies with data that was not publicly available. 
This raises a lot of suspicions. Furthermore, the EPA has regularly 
chosen to disregard inconvenient scientific conclusions, and muz- 
zled dissenting voices. This hearing provides an example of why we 
should support both the Secret Science Reform Act, and the Science 
Advisory Board Reform Act, which are on the House floor this 
week. The Secret Science Reform Act requires that the EPA use 
the best available science in an honest and transparent manner. 
The Science Advisory Board Reform Act promotes fairness, trans- 
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parency, and public participation to ensure unbiased scientific ad- 
vice. 

There will be serious economic consequences if the EPA moves 
forward with new ozone standards. Implementation of this rule will 
cost billions of dollars, and adversely affect many Americans. The 
cost is certain, but the health benefits are not. Today’s witnesses 
will testify on how this proposed rule will impact American small 
businesses and job creation. According to the Business 
Roundtable’s analysis, nearly 60 percent of Americans would live 
in areas of non-attainment, including 45 of 50 states that would be 
completely or partially violating the standard. A non-attainment 
designation under the Clean Air Act has serious consequences. It 
stops new employers from moving into the state. Businesses would 
be forced to deal with additional burdensome permitting and com- 
pliance obligations, which halts expansion and economic develop- 
ment. Ultimately, good jobs will be lost. This rule could be dev- 
astating. 

Many communities still struggle to meet the standards that were 
set in 2008. Other communities have never met the standards set 
in 1979. State and local municipalities will bear the brunt of the 
regulatory cost. Tighter regulations also will hamper economic re- 
covery, and put additional burdens on the backs of hard working 
American families. According to a February 2015 National Eco- 
nomic Research Associates comprehensive study, average annual 
household consumption could be reduced by $830 per year. In addi- 
tion, families will have to pay for higher energy costs. 

In 2010 businesses and communities across the country protested 
the EPA’s efforts to tighten these standards. The overwhelming 
concerns eventually forced President Obama to withdraw the pro- 
posal. The President does not have any reason to propose these 
new rules, since our air is already becoming clearer. These are the 
wrong regulations at the wrong time. The EPA should reconsider 
their proposed rule, and keep the existing 2008 standard. 

[The prepared statement of Mr. Smith follows:] 

Prepared Statement of Committee on Science, Space, and Technology 
Chairman Lamar Smith 

Today is the final day to submit comments on the Environmental Protection Agen- 
cy’s (EPA’s) proposed National Ambient Air Quality Standards (NAAQS). 

The Agency’s proposal seeks to lower the standard to 66-70 parts per billion 
(ppb), from the current 75 ppb standard that was set in 2008 and is only now being 
implemented. Our hearing will review the impact of this proposed regulation and 
whether it can be implemented. 

By law, the EPA is required to review the ozone standard every five years, but 
the agency is not required to set new standards. According to EPA’s own website, 
since 1980, ozone levels have decreased by 33 percent and Volatile Organic Com- 
pounds have decreased by over 50 percent. 

The air we breathe is significantly cleaner and will continue to improve thanks 
to new technologies. However, it is premature and unnecessary for the EPA to pro- 
pose a new standard when we have not yet given states the opportunity to meet 
the 2008 standard. Many of the technologies that the EPA forces states to use either 
do not exist or will be excessively expensive. 

In its Regulatory Impact Analysis, the EPA assumes that these controls will 
somehow just automatically be implemented. As this chart shows, at 70 ppb, over 
60 percent of the costs of the program are based on so-called “unknown controls.” 
And at 66 ppb, unknown controls become 75 percent of the estimated costs. By the 
EPA’s own admission, this rule is unworkable. 
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I am also concerned that the science used to justify this rule is not good science. 
These proposed standards are impossible to meet in some places. The ozone level 
that occurs naturally would he above the standard set by the EPA, which would 
mean trying to beat Mother Nature. 

International transport of ozone from countries like China and Mexico further 
complicate attaining the existing ozone standards. The EPA has failed to adequately 
consider these issues. We should all be concerned about the process the EPA used 
to reach their conclusions. During earlier stages of this rule making, EPA relied on 
studies with data that was not publically available. This raises a lot of suspicions. 
Furthermore, the EPA has regularly chosen to disregard inconvenient scientific con- 
clusions and muzzled dissenting voices. 

This hearing provides an example of why we should support both the Secret 
Science Reform Act and the Science Advisory Board Reform Act, which are on the 
House floor this week. 

The Secret Science Reform Act requires that the EPA use the best available 
science in an honest and transparent manner. The Science Advisory Board Reform 
Act promotes fairness, transparency, and public participation to ensure unbiased 
scientific advice. 

There will be serious economic consequences if the EPA moves forward with new 
ozone standards. Implementation of this rule will cost billions of dollars and ad- 
versely affect many Americans. The cost is certain but the health benefits are not. 

Today’s witnesses will testify on how this proposed rule will impact American 
small businesses and job creation. According to the Business Roundtable’s analysis, 
nearly 60 percent of Americans would live in areas of non-attainment, including 45 
of 50 states that would be completely or partially violating the standard. 

A non-attainment designation under the Clean Air Act has serious consequences. 
It stops new employers from moving into the state. Businesses would be forced to 
deal with additional burdensome permitting and compliance obligations, which halt 
expansion and economic development. Ultimately, good jobs will be lost. 

This rule could be devastating. Many communities still struggle to meet the 
standards that were set in 2008. Other communities have never met the standards 
set in 1979. State and local municipalities will bear the brunt of the regulatory 
costs. 

Tighter regulations also will hamper economic recovery and put additional bur- 
dens on the backs of hard-working American families. According to a February 2015 
National Economic Research Associates comprehensive study, the average annual 
household consumption could be reduced by $830 per year. In addition, families will 
have to pay for higher energy prices. 

In 2010, businesses and communities across the country protested the EPA’s ef- 
forts to tighten these standards. The overwhelming concerns eventually forced Presi- 
dent Obama to withdraw the proposal. 

The President does not have any reason to propose these new rules since our air 
is already becoming cleaner. 

These are the wrong regulations at the wrong time. The EPA should reconsider 
their proposed rule and keep the existing 2008 standard. 

Chairman Smith. Now, that concludes my opening statement, 
and the gentlewoman from Texas, the Ranking Member, Eddie Ber- 
nice Johnson, is recognized for hers. 

Ms. Johnson. Thank you very much, Mr. Chairman, and thank 
you to our witnesses for being here this morning. We are here 
today to discuss the Environmental Protection Agency’s proposal to 
lower the standard for ozone, the pollutant that causes smog, from 
the current standard of 75 parts per billion to a standard in the 
range of 65 to 70 parts per billion. 

The scientific evidence supports a lower standard for ozone than 
we currently have. According to the EPA’s analysis, strengthening 
the standard will provide better protection for our children by pre- 
venting 320,000 to 960,000 asthma attacks. It will keep them from 
missing 330,000 to 1 million days in school each year, and it will 
stop between 750 to 4,300 premature deaths. As someone who 
worked in the public health field before I entered politics, I am a 
nurse. I am very sensitive to the problem poor air quality can have 
on the health of Americans, especially the young and the infirm. 
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Unfortunately, those of us from Dallas-Fort Worth region — he is 
from San Antonio, so it must he much better — are very familiar 
with the negative effects of smog, and are accustomed to seeing or- 
ange and red alert warnings about being outside because the air 
is too polluted to be safe. In fact, the American Lung Association 
gives the air quality in Dallas a grade of F, which means that the 
health of our — my constituents is seriously at risk. It is clear that 
air quality related illnesses have a very real and destructive effect 
on the economy, on the order of hundreds of billions of dollars an- 
nually, and the benefits of reducing those effects will be seen 
throughout the country. 

Despite that, some will argue that EPA’s proposed standard will 
kill jobs, decimate the industrial base, and result in irreparable 
economic disruption. This is not a new story. It is what has been 
said for decades about every major environmental and consumer 
protection, from catalytic converters, to scrubbers, to seat belts. We 
all know that none of these predictions have come true. In fact, 
there is much more evidence showing that, on balance, jobs are cre- 
ated, and the economy expands following the passage of major re- 
forms. For example, the IJ.S. economy grew by 64 percent in the 
years following the passage of the Clean Air Act. Furthermore, in 
a report to Congress on the cost and benefits of federal regulations, 
0MB estimated that major rules promulgated by EPA between 
2003 and 2013 had been benefits between $165 Mllion and $850 
billion, compared to the cost of just 38 billion to 46 billion. This is 
significant return on investment. 

And however much we might wish for a world where big environ- 
mental issues are addressed voluntarily by industry, or through the 
workings of the free market, we all know that it just does not work 
that way. Now more than ever the American people need a strong 
EPA to protect their right to clean air and clean water. Let me be 
clear, I am not insensitive to some of the concerns we will likely 
hear today. But I want to remind everyone that EPA, as required 
by law, must set the ozone standard at a level that will protect 
public health based on the science, and not based on cost or tech- 
nical feasibility. The health of Americans must come first. 

That said, I am confident, based on past precedence, that ulti- 
mately these regulations act as a catalyst for the creation of new 
jobs in industrial sectors. Stricter pollution limits force us to push 
the envelope of scientific innovation and create new technologies. 
According to the Department of Commerce, the United States is 
the world’s largest producer of environmental protection tech- 
nologies. Indeed, at $782 billion, the market for environmental 
goods and services is comparable to the aerospace and pharma- 
ceutical industries, and present important opportunities for the 
U.S. industry. Thankfully, poll after poll shows that the public 
agrees with me, and believes — even in Texas, and believes that the 
EPA should protect their right to clean air and water, more than 
they believe that pollution is the price they must pay for an eco- 
nomic security. 

Although significant process has been made in the past 40 years, 
it is our job now to build up on the legacy, and ensure that we con- 
tinue to improve the quality of our air. A strong economy, and a 
healthy environment, are not mutually exclusive. The Clean Air 
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Science Advisory Committee recommends lowering the ozone stand- 
ards, and I think we should listen to our scientists. We can, and 
must, do better for current and future generations. 

I thank you, Mr. Chairman, and yield back. 

[The prepared statement of Ms. Johnson follows:] 

Prepared Statement of Committee on Science, Space, and Technology 
Ranking Member Eddie Bernice Johnson 

Thank you, Chairman Smith, and thank you to our witnesses for being here this 
morning. We are here today to discuss the Environmental Protection Agency’s pro- 
posal to lower the standard for ozone, the pollutant that causes smog, from the cur- 
rent standard of 75 parts per billion to a standard in the range of 65 to 70 parts 
per billion. The scientific evidence supports a lower standard for ozone than we cur- 
rently have. According to the EPA’s analysis, strengthening the standard will pro- 
vide better protection for our children by preventing 320,000 to 960,000 asthma at- 
tacks; it will keep them from missing 330,000 to 1 million days in school; and it 
will stop between 750 and 4,300 premature deaths. 

As someone who worked in the public health field before I entered politics, I am 
very sensitive to the problem poor air quality can have on the health of Americans, 
especially the young and the infirm. Unfortunately, those of us from the Dallas-Fort 
Worth region are very familiar with the negative effects of smog and are accustomed 
to seeing orange and red alerts warning us about being outside because the air is 
too polluted for it to be safe. In fact, the American LungAssociation gives the air 
quality in Dallas a grade of F — which means that the health of my constituents is 
seriously at risk. 

It’s clear that air quality-related illnesses have a very real and destructive effect 
on the economy — on the order of hundreds of billions of dollars annually — and the 
benefits of reducing those effects will be seen throughout the country. 

Despite that, some will argue that EPA’s proposed standard will kill jobs, deci- 
mate the industrial base, and result in irreparable economic disruption. 'This is not 
a new story. It’s what’s been said for decades about every major environmental and 
consumer protection — from catalytic converters to scrubbers to seatbelts. We all 
know that none of those predictions have come true. In fact, there is much more 
evidence showing that on balance, jobs are created and the economy 
expandsfollowing the passage of major reforms. 

For example, the U.S. economy grew by 64 percent in the years following passage 
of the Clean Air Act. Furthermore, in a report to Congress on the costs and benefits 
of federal regulations, 0MB estimated that major rules promulgated by the EPA be- 
tween 2003 and 2013 had benefits between $165 billion and $850 billion, compared 
to costs of just $38 billion to $46 billion. That is a significant return on investment. 

And however much we might wish for a world where big environmental issues are 
addressed voluntarily by industry or through the workings of the free market, we 
all know that it just does not work that way. Now, more than ever, the American 
people need a strong EPA to protect their right to clean air and water. 

Let me be clear, I am not insensitive to some of the concerns we will likely hear 
today. But I want to remind everyone that the EPA — as required by law — must set 
the ozone standard at a level that will protect public health based on the science 
and not based on cost or technical feasibility. The health of Americans must come 
first. That said, I am confident, based on past precedents that ultimately these regu- 
lations act as a catalyst for the creation of new jobs and industrial sectors. Stricter 
pollutions limits force us to push the envelope of scientific innovation and create 
new technologies. According to the Department of Commerce, the United States is 
the world’s largest producer of environmental protection technologies. Indeed at 
$782 billion, the market for environmental goods and services is comparable to the 
aerospace and pharmaceutical industries and presents important opportunities for 
U.S. industry. 

Thankfully, poll after poll shows that the public agrees with me and believes that 
the EPA should protect their right to clean air and water more than they believe 
that pollution is the price they must pay for economic security. 

Although significant progress has been made in the past 40 years, it is our job 
now to build upon this legacy and ensure that we continue to improve the quality 
of our air. A strong economy and a healthy environment are not mutually exclusive. 
The Clean Air Science Advisory Committee recommends lowering the ozone stand- 
ard, and I think we should listen to our scientists. We can and must do better for 
current and future generations. 
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Thank you, Mr. Chairman, and 3deld back the balance of my time. 

Chairman Smith. Thank you, Ms. Johnson, and I will introduce 
our witnesses. 

Our first witness is Mr. Harry Alford, the President, Chief Exec- 
utive Officer, and co-founder of the National Black Chamber of 
Commerce. Mr. Alford put his leadership skills to work in a series 
of key sales and executive positions at Fortune 100 companies such 
as Proctor and Gamble, Johnson and Johnson, and the Sara Lee 
Corporation. He is also an active member of the Board of Directors 
of the U.S. Chamber of Commerce, where he chairs the Govern- 
ment Oversight and Consumer Affairs Committee. Mr. Alford at- 
tended the University of Wisconsin, and received top honors as 
Company Commander at the Army’s Officer Candidate School. 

Our next witness is Mr. Raymond Keating, the Chief Economist 
of the Small Business and Entrepreneurship Council. The Small 
Business and Entrepreneurship Council is a national non-partisan, 
non-profit advocacy organization that seeks to promote entrepre- 
neurship and protect small business. Mr. Keating writes and 
speaks on a wide range of issues that impact the entrepreneurial 
sector of the economy. He received his Bachelor’s Degree in Busi- 
ness Administration and Economics from St. Joseph’s College, his 
Master’s in Economics from New York University, and his MBA in 
Banking and Finance from Hofstra University. 

Our next witness is Dr. Mary Rice, a pulmonary and critical care 
physician at Beth Israel Deaconess Medical Center at Harvard 
Medical School in Boston. At Beth Israel Deaconess Medical Cen- 
ter, Dr. Rice cares for patients with pulmonary diseases in clinic 
and in the hospital. In addition, she is a member of the Environ- 
mental Health Policy Committee of the American Thoracic Society. 
Dr. Rice spends the majority of her time engaged in epidemiologic 
research and studies, and health effects of day to day and long 
term air pollution exposure in large cohort studies of children and 
adults. Dr. Rice received her M.D. from Harvard University. 

Our next witness is Dr. Allen S. Lefohn, President and Founder 
of A.S.L. and Associates. Dr. Lefohn has published over 125 peer 
reviewed publications, edited four books, and participated in a 
number of panel presentations. During his almost 50 year career. 
Dr. Lefohn has focused on understanding the relative importance 
of background ozone. He also developed exposure response relation- 
ships and indices that describe the effects of ozone on vegetation 
and human health, as well as the analysis of air quality data in 
biologically relevant forms for assessment purposes. Dr. Lefohn is 
an emeritus editor of the journal “Atmospheric Environment.” He 
received his Ph.D. in physical chemistry from the University of 
California at Berkeley. 

I will now yield to the gentleman from California, Mr. Knight, to 
introduce our final witness, Mr. Eldon Heaston, who is the Execu- 
tive Director of the Mojave Desert Air Quality Management Dis- 
trict and the Antelope Valley AQMD. And the gentleman from Cali- 
fornia is recognized. 

Mr. Knight. Thank you, Mr. Chair. It is an honor to introduce 
a constituent of mine. Eldon Heaston was appointed executive di- 
rector of the Mojave Desert Air Quality Management District in 
March 2006. During his 23 years with the district, Heaston has 
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worked to build and uphold its reputation as one of the most pro- 
gressive and accessible air districts in the state. Before joining the 
district, Heaston spent over 11 years in the aerospace and petro- 
chemical industry, where he held various positions in operations, 
industrial hygiene, and environmental management. 

Heaston recently served six years as governor’s appointee to the 
state’s Inspection and Maintenance Review Committee, which eval- 
uated the effectiveness of California’s smog check program, and 
recommended program improvements. And I have a little bit of a 
connection to Eldon. My father created the Antelope Valley Air 
Quality Management District legislation in California. Mr. Heaston 
was very much a part of that, so, I thank you, Mr. Chair. 

Chairman Smith. Thank you, Mr. Knight. We will proceed with 
our testimony today. And, Mr. Alford, if you will begin? 

TESTIMONY OF MR. HARRY C. ALFORD, 

PRESIDENT AND CEO, 

NATIONAL BLACK CHAMBER OF COMMERCE 

Mr. Alford. Good morning. Chairman Smith, Ranking Member 
Johnson, and distinguished Members of the Committee on Science, 
Space, and Technology. My name is Harry C. Alford, and I am the 
President and CEO of the National Black Chamber of Commerce. 
The NBCC represents 2.1 million black owned businesses within 
the United States. I am here to testify about the Environmental 
Protection Agency’s proposal to lower the ozone National Ambient 
Air Quality Standards. 

Lowering the ozone standard, particularly to the level suggested 
by EPA, will almost certainly cause economic harm to the National 
Black Chamber of Commerce members, and will shut off huge 
parts of the country from economic development and job growth. As 
the country continues to recover from the recession, we should be 
finding ways to put Americans back to work, and to attract busi- 
ness here in the U.S. We should not be piling on yet another 
rushed, unreasonable regulation on the backs of American busi- 
nesses. 

As you are aware, last November EPA proposed lowering the pri- 
mary ozone standard to a range of 65 to 70 parts per billion. Now 
the agency is taking comments on lower the standard down to 60 
parts per billion. The current 75 parts per billion standard was fi- 
nalized in March 2008. Significantly, that standard is being imple- 
mented. In fact, the EPA only finalized the implementation guide- 
lines for the 2008 standard last month. The comment period for the 
new proposal closes today, and, under a court order, EPA must fi- 
nalize the rule by October the 1st, 2015. 

Last month the National Association of Manufacturers released 
an economic study by NERA Economic Consulting on the impacts 
of EPA lowering the ozone standard to 65 parts per billion. The 
study estimates that a 65 parts per billion standard would reduce 
the GDP by 140 billion, resulting in 1.4 million fewer jobs, and it 
costs the average U.S. household $830 in lost consumption each 
year, from 2017 to 2040. 

One local area’s business community is speaking out about feel- 
ing the negative impacts of the EPA ozone proposal. Baton Rouge, 
Louisiana, and the surrounding area, are home to many successful 
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manufacturing and industrial facilities that help drive the eco- 
nomic livelihood of the area, and the country as a whole. In recent 
years, the state has worked hard to decrease ozone levels in Baton 
Rouge. Following a period of non-attainment. Baton Rouge was 
found to be in compliance with the current 75 parts per billion 
ozone standard in April 2014. 

In 2014, the Baton Rouge area Chamber of Commerce worked 
with four chemical manufacturers who were investigating signifi- 
cant investments in the area. Two of the companies executed pur- 
chase agreements on sizable industrial locations, with the intent to 
develop them. Unfortunately, all four companies later decided to 
search elsewhere for their investments. The companies all indi- 
cated that era’s ozone proposal, with the threat of the ozone 
standard being lowered, and the area falling back into non-attain- 
ment, influence their decisions to pull the plug on the projects in 
the Baton Rouge area. 

In addition to the adverse economic impacts of the EPA’s ozone 
proposal, those already being felt, and the ones being estimated, I 
would like to bring to the Committee’s attention the following addi- 
tional concerns that the National Black Chamber of Commerce has 
with the proposal. First, EPA should retain current 75 parts per 
billion ozone standard, and fully implement it. States didn’t even 
find out which of their counties would be designated as non-attain- 
ment until the 2008 standard — under the 2008 standard until April 
2012. Additionally, EPA did not finalize the necessarily implemen- 
tation regulations and guidance for the 2008 standard until re- 
cently, in February 2015. States are committing time and money 
to meet the 2008 ozone standard, yet EPA now wants to move the 
goalposts in the middle of the game. This further strains what are 
already limited resources that states have for implementation, and 
fails to give states the chance to meet the current ozone standard. 

Secondly, compliance with the new proposal standard may be 
unachievable. Many areas have high background levels of ozone 
from vegetation wildfires, transport of ozone from Asia, Mexico, 
and other places. These areas may not be able to meet the proposed 
standard, even with the most expensive controls. Notably, the 
Grand Canyon would fail the proposed 70 parts per billion stand- 
ard, and Yellowstone National Park could not meet the proposed 65 
parts per billion. 

In conclusion, the NBCC and its members value and support 
clean air, clean water, and environmental quality. We also value 
and support economic growth, job creation, prosperity for our indi- 
vidual members, and this country as a whole. These are not mutu- 
ally exclusive goals. We hope the EPA will hear the concerns of our 
organization and others, retain and fully implement the current 75 
parts per billion standard. We appreciate the committee holding 
the hearing, and highlighting the critical issue. Thank you for the 
opportunity to testify. I look forward to answering your questions. 

[The prepared statement of Mr. Alford follows:] 
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Introduction 

Good morning, Chairman Smith, Ranking Member Johnson, and distinguished Members 
of the Committee on Science, Space, and Technology. My name is Harry C. Alford and I am the 
President/CEO of the National Black Chamber of Commerce®. The National Black Chamber of 
Commerce represents 2. 1 million Black owned businesses within the United States. 1 am here 
today to testify about the Environmental Protection Agency’s proposal to lower the ozone 
National Ambient Air Quality Standard (NAAQS). Lowering the ozone standard, particularly to 
the levels suggested by EPA, will almost certainly cause economic harm to the National Black 
Chamber of Commerce members and will shut off huge parts of the country from economic 
development and job growth. As the country continues to recover from the recession, we should 
be finding ways to put Americans back to work and to attract business here in the U.S. We 
should not be piling on yet another rushed and unreasonable regulation on the backs of American 
businesses. 

Background 

As you are aware, last November, EPA proposed lowering the primary ozone standard to 
a range of 65 - 70 parts per billion (ppb). Now, the Agency is taking comments on lowering the 
standard down to 60 ppb. The current 75 ppb standard was finalized in March 2008. 
Significantly, that standard is still being implemented. In fact, EPA only finalized the 
implementation guidelines for the 2008 standard last month. The comment period for the new 
proposal closes on March 1 7 of this year, and under a court order, EPA must finalize the rule by 
October 1, 2015. 

Economic Impacts 

Last month, the National Association of Manufacturers released an economic study by 
NERA Economic Consulting on the impacts of EPA lowering the ozone .standard to 65 ppb. The 
study estimates that a 65 ppb ozone standard would reduce the GDP by $140 billion, resulting in 
1.4 million fewer jobs, and cost the average U.S. household $830 in lost consumption - each 
year from 20 1 7 through 2040. 

Local Impacts 
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These national economic numbers are certainly important, but I think it is also critical 
that we discuss the local impacts of the ozone standard generally and the EPA’s proposal to 
lower it. It is the cities, counties and states that truly shoulder the burden and bear the brunt of 
the obligations and adverse impacts that stem from the continuous ratcheting down of the ozone 
standard. A designation of “nonattainment” - when an area is not meeting the ozone NAAQS - 
means no economic development, no new construction, and no job creation in that area. 
Specifically, in areas classified as in nonattainment, EPA can override state permitting decisions: 
such as upgrading new or existing facilities via the most effective cmi.ssion reduction 
technologies without consideration of costs; and federally-supported highway and transportation 
projects can be suspended. 

One local area’s business community is speaking out about already feeling the negative 
impacts of EPA’s ozone proposal.’ Baton Rouge, Louisiana and the surrounding area are home 
to many successful manufacturing and industrial facilities that help drive the economic 
livelihood of the area and the country as a whole. In recent years, the state has worked hard to 
decrease ozone levels in Baton Rouge. Following a period of nonattainment. Baton Rouge was 
found to be in compliance with the current 75 ppb ozone standard in April 2014. 

Meanwhile, Baton Rouge has been experiencing an economic boom in the last few years 
with a great deal of the U.S. manufacturing renaissance taking place there. The U.S. Bureau of 
Economic Analysis recently ranked Baton Rouge among the top ten of the nation’s fastest- 
growing metropolitan areas with re.spect to percentage gains in gross domestic product.’’ In 
2014, the Baton Rouge Area Chamber of Commerce worked with four chemical manufacturers, 
who w'ere inve.stigating significant investments in the area. Two of the companies executed 
purchase agreements on sizeable industrial locations with the intent to develop them. 
Unfortunately, all four companies iater decided to search elsewhere for their investments. The 
companies all indicated that EPA’s ozone proposal with the threat of the ozone standard being 
lowered and the area falling back into nonattainment influenced their decisions to pull the plug 
on the projects in the Baton Rouge area. 


^ httDs://www.uschamber.com/site5/default/file5/baton rouge area chamber ozone naags comments.pdf . 
‘Id. 
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Those four lost projects translated directly into lost dollars for the Baton Rouge area, its 
business community and its residents. According to the Baton Rouge Area Chamber, the 
projects would have resulted in $86 million in wages annually for the local economy. That 
dollar amount does not include any indirect investment or payroll that likely would have been 
created by the investments and project developments. Additionally, these projects would have 
included foreign investment - something that the U.S. is always eager to secure. 

According to the Brookings Institution, Baton Rouge is among the twenty top-performing 
metropolitan economies in the country.^ Of those top twenty metropolitan area economies, aU 
but two of them would be in nonattainment were EPA to lower the ozone standard to 65 ppb.^ In 
other words, the growth and development being experienced by some of our country's most 
economically prosperous areas right now are being threatened by EPA’s ozone proposal. The 
four lo.st projects in Baton Rouge are only the tip of the iceberg. Without a doubt, there have 
been others, and there will be more. 

Additional Criticisms of Proposal 

In addition to the adverse economic impacts of the EPA’s ozone proposal - those already 
being felt and the ones being estimated - I would like to bring to the Committee’s attention the 
following additional concerns that the National Black Chamber of Commerce has with the 
proposal: 

First . EPA should retain the current 75 ppb ozone standard, and fully implement it. 

States did not even find out which of their counties would be designated as in nonattainment 
under the 2008 standard until April 2012. Additionally, EPA did not finalize the necessary 
implementation regulations and guidance for the 2008 standard until just recently in February 
2015. States are committing time and money to meet the 2008 ozone standard. Yet EPA now 
wants to move the goal posts in the middle of the game. This further strains what are already 
limited resources that states have for implementation, and fails to give states a chance to meet the 
current ozone standard. 


^ http://www.brookings.edu/research/inter3ctives/iinetromonitor#/M10420 
’’ http://www.brac.org/brac/new5 detait.asp?article=1947 . 
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Secondly , compliance with the new proposed standard may be unachievable. Many areas 
have high “background” levels of ozone from vegetation, wildfires, and transport of ozone from 
Asia, Mexico and other places. These areas may not be able to meet the proposed standard even 
with the most expensive controls. Notably, the Grand Canyon would fail the proposed 70 ppb 
standard, and the Yellowstone National Park could not meet the proposed 65 ppb standard. 

Conclusion 

The National Black Chamber of Commerce and its members value and support clean air, 
clean water, and environmental quality. We also value and support economic growth, job 
creation, and prosperity for our individual members and this country as a whole. These are not 
mutually exclusive goals. We hope that EPA will hear the concerns of our organization and 
others, and retain and fully implement the current 75 ppb standard. We appreciate the 
Committee holding this hearing and highlighting this critical issue. Thank you for the 
opportunity to testify and I look forward to answering any questions you may have. 
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Harry C. Alford 
President & CEO 


For these last twenty years, NBCC President/CEO and co-founder Harry C. 
Alford has established himself as perhaps the nation's preeminent champion of 
African American business empowerment. From a visionary concept of what 
Blacks need to do to fully seize their place in the economic mainstream, Mr. 
Alford has built a global organization that has earned a place at the table in 
the White House and at the top levels of Corporate America. 

As the intellectual and spiritual linchpin of the NBCC, Mr. Alford has been 
responsible for opening doors that have led to billions of dollars in new business for Black owned firms 
throughout the nation. His courage and leadership have been noted by all in the rebuilding of the Gulf 
Coast in the aftermath of Hurricane Katrina. His relentless energy and advocacy is helping forge 
international business opportunities for African Americans and emerging entrepreneurs in Africa, 
the Caribbean, South America and the rest of the African Diaspora. For this work he was formally named 
a Cultural Ambassador by the US State Department. A native of California, Mr. Alford has made his 
mark at the highest levels of both the private and public sectors. He matriculated at the University of 
Wisconsin via an athletic scholarship (football). After earning top honors as Company Commander in the 
Army's Officer Candidate School class COC3-72), Mr. Alford put his leadership skills to work in a series of 
key sales and executive positions at Fortune 100 companies such as Procter & Gamble, Johnson & 
Johnson and the Sara Lee Corporation. Mr. Alford has led large trade missions 
to Brazil, Ghana, Kenya and various nations in the Caribbean. Recently, he helped establish the French 
African Diaspora Chamber of Commerce in Paris, France. The birth and growth of the National Black 
Chamber of Commerce is consistent with the dynamic growth of African American owned firms in 
the United States - the fastest growing segment in the nation per the US Census Bureau. 

Mr. Alford is an award winning columnist for the National Newspaper Publishers Association and consults 
and speaks on business matters to groups and agencies throughout the nation. He proudly served on 
the NNPA Foundation Board of Directors. He is an active member of the Board of Directors, o f the_US 
Chamber of Commerce where he chairs the Government Oversight and Consumer Affairs 
Committee. He is a member of the 2008 Health Sector Assembly which is a think tank of national 
leaders concerned about healthcare. As a consultant, he has developed business models tailored to 
specific corporations and public agencies. Mr. Alford is regularly called upon by Congress to testify on 
various legislative initiatives related to small business development, the Gulf Coast rebuilding, e- 
commerce, healthcare, energy, tax reform and global trade issues. He received national recognition 
while delivering testimony concerning the recent Cap and Trade Energy debate. Hejwas,inducted j 
the Oxnard High School Hall of Fame in 2013 . Mr. and Mrs. Alford reside in Virginia and have two sons 
who were scholar athletes at the University of Maryland (lacrosse). 
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Chairman Smith. Thank you, Mr. Alford. 

Mr. Keating? 

TESTIMONY OF MR. RAYMOND KEATING, CHIEF ECONOMIST, 
SMALL BUSINESS & ENTREPRENEURS HI P COUNCIL 

Mr. Keating. Mr. Chairman, Ranking Member Johnson, Mem- 
bers of the Committee, thank you for hosting this important hear- 
ing today on the Environmental Protection Agency’s proposed ozone 
standards. My name is Raymond Keating. I am Chief Economist 
with the Small Business and Entrepreneurship Council. We are a 
non-partisan, non-profit advocacy, research, and training organiza- 
tion dedicated to protecting small business, and advancing entre- 
preneurship. We have nearly 100,000 members, and we work with 
some 250,000 small business activists across the country. 

Regarding the EPA’s proposal, SB Council is concerned about the 
considerable costs involved with these new regulations, including 
the resulting impact for entrepreneurship and small business. My 
testimony touches on three important points, the realities of regu- 
lation, economic costs in non-attainment, and disproportionate im- 
pact on small business and new business formation. 

In terms of the realities of regulation, as we look at the EPA’s 
proposal, it must be made clear that the costs of regulations are 
real and significant facts of economic life, about which small busi- 
nesses are painfully aware. Some policymakers seem unconcerned 
or dismissive about regulatory costs, even claiming that such gov- 
ernment mandates and rules spur innovation, and related job 
gains. This view of regulation is very trouble. 

Economics 101 makes clear what to expect from increased regu- 
lation, that is higher costs for businesses and consumers, reduced 
market exchanges, and expanded political controls, resources allo- 
cated based on political decisions and influences, rather than via 
competition and consumer sovereignty, and, therefore, diminished 
economic growth. The tremendous amount of resources funneled 
into dealing with government regulation are not about innovation 
and new jobs, as some assert. Rather, they are about massive op- 
portunity costs. That is, effectively, what is lost because resources 
must be used for complying with government regulations. 

In fact, the costs of regulation have been confirmed in an assort- 
ment of studies, such as the significant losses in economic growth, 
for example two percentage points lost annually on average due to 
federal regulation over several decades, as reported by economist 
John Dawson at Appalachian State University, and John Cedar at 
North Carolina State University. The $1.9 trillion cost of federal 
regulation annually, noted by Clyde Wayne Crews in his report 
“Ten Thousand Commandments”, and the disproportionate burden 
of federal regulations on small businesses, as explained by a series 
of studies from the Small Business Administration’s Office of Advo- 
cacy. 

Number two, on economic costs and non-attainment, the EPA’s 
proposed ozone regulations promise to be no different in terms of 
imposing costs, except for the fact that these have been identified 
by many as being potentially the most costly federal regulations 
ever imposed. The NERA study has already been referenced, so I 
won’t touch on that right now, but those numbers are certainly sig- 
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nificant. And as NERA, the Business Roundtable, the American 
Chemistry Council and others show, significant portions of the na- 
tion are in non-attainment under the current ozone standards. 
That will expand significantly under the proposed ERA mandate. 

As for the disproportionate impact on small business, when you 
are talking about all sectors of the economy being negatively af- 
fected, directly or indirectly, by the EPA’s new regulation, small 
business will be hit hardest, as is the case with nearly all regula- 
tions, and given that small businesses account for the over- 
whelming majority of firms across our economy. I will just cite a 
few industries very quickly that were noted in the NERA study to 
have negative impact. 

Among manufacturing firms, 75 percent have less than 20 work- 
ers. Among key energy industries, 91 percent of employers in the 
oil and gas extraction businesses have less than 20 workers. 82 
percent of the support activities for oil and gas operations, less 
than 20 workers. 59 percent of coal mining firms actually have less 
than 20 workers. And 65 percent of support activities for coal min- 
ing, less than 20 workers. Chemical manufacturing, 62 percent, 
again, less than 20 workers, so this is clearly about small business. 

Small business in non-attainment areas will have a difficult time 
starting up, expanding, and competing for offsets, as those offsets 
will be expensive, or perhaps not exist when needed. Compliance 
will be complex and costly. Economic opportunity and job creation 
will suffer. The expense and red tape will be a barrier to new 
startups and business formations. These regulations would hamper 
local efforts to spur new business creation, and could, in effect, 
serve as a cap on entrepreneurship and small business growth. 

Given what has already been achieved, what has not yet been 
implemented, and the significant costs, including for small busi- 
ness, that would come with stricter ozone mandates, one is left be- 
wildered as to why the EPA is going down this path. 

Thank you for the opportunity to testify today, and I look for- 
ward to your questions. 

[The prepared statement of Mr. Keating follows:] 
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Protecting Small Business, Promoting Entrepreneurship 



Chairman Smith, thank you for hosting this important hearing today on the Environmental 
Protection Agency’s (EPA) proposed ozone standards. 

The Small Business & Entrepreneurship Council (SBE Council), along with its Center for 
Regulatory Solutions, is pleased to submit this testimony. 

My name is Raymond Keating, and I am the chief economist for SBE Council, as well as serving 
as an adjunct professor in the Townsend Business School at Dowling College where I teach a 
variety of courses in the MBA program; a weekly newspaper columnist for Long Island Business 
News; and author of several books, with the latest being Unleashing Small Business Through IP: 
Protecting Intellectual Property, Driving Entrepreneurship. 

SBE Council is a nonpartisan, nonprofit advocacy, research and training organization dedicated 
to protecting small business and promoting entrepreneurship. With nearly 100,000 members and 
250,000 small business activists nationwide, SBE Council is engaged at the local, slate, federal 
and international levels where we collaborate with elected officials, policy experts and business 
leaders on initiatives and policies that enhance competitiveness and improve the environment for 
business start-up and growth. The Center for Regulatory Solutions is a project of SBE Council. 

On November 25, 2014, the EPA proposed to tighten the National Ambient Air Quality 
Standards (NAAQS) pertaining to ozone. The new regulation would reduce the standard from the 
75 parts per billion (ppb) - which was set in 2008, down from 84 ppb - to a range of 65 to 70 
ppb, with the agency seeking comments on a regulation as low as 60 ppb. 

We at SBE Council are concerned about the considerable costs involved with these new 
regulations, including the resulting impact for entrepreneurship, small business and the economy. 
This testimony touches on three important points: 1) the realities of regulation, 2) economie costs 
and nonattainment under the EPA proposed ozone regulations, and 3) the proposed ozone 
regulations disproportionate impact on small business and new business formation. 

The Realities of Regulation 

As we look at the EPA’s proposal to tighten the NAAQS pertaining to ozone, it must be made 
clear that the costs of regulations are real and significant facts of economic life about which 
small businesses are too often painfully aware. 

Despite real and significant costs, some policymakers seem unconcerned or dismissive about 
regulatory costs. Indeed, some who call for increased regulation actually claim that such 
government mandates and rules spur innovation and related job gains. 'This view of regulation is 
troubling. 

Economics 101 makes clear what to expect from increased regulation - that is, higher costs for 
businesses and consumers, reduced market exchanges and expanded political control, resources 
allocated based on political dictates and influences (such as rent seeking) rather than via 
competition and consumer sovereignty, and therefore, dimini.shed economic growth. 

The tremendous amounts of resources funneled into dealing with government regulatory dictate.s 
are not about innovation and new jobs. Rather, they are about massive opportunity costs, that is, 
effectively what is lost because resources must be used for complying with government 
regulations. 

Again, some pro-regulation advocates will actually claim that regulations imposed in the past 
have cost the U.S. economy little or nothing. They not only ignore what would have happened 
absent those regulations, but also the simple economic fact that increased regulations on 
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businesses mean that business costs increase, that is, as taught in Economics 10) , the firm's cost 
curve shifts upward. 

Economists John Dawson at Appalachian State University and John Sealer at North Carolina 
State University recently looked at the impact of federal regulation on economic growth 
(“Federal Regulation and Aggregate Economic Growth,” January 2013). The authors point to a 
dozen previous studies performed looking at the impact of regulation on the macroeconomy, 
noting, “Almost all these studies conclude that regulation has deleterious effects on economic 
activity.” Dawson and Seater’s findings certainly were striking. They reported: “We find that 
regulation has statistically and economically significant effects on aggregate output and the 
factors that produce il-total factor productivity (TFP), physical capital, and labor. Regulation has 
caused substantial reductions in the growth rates of both output and TFP and has had efiects on 
the trends in capital and labor that vary over time in both sign and magnitude.” 

Specifically: 

“Regulation’s overall effect on output’s growth rate is negative and substantial. 

Federal regulations added over the past fifty years have reduced real output 
growth by about two percentage points on average over the period 1949-2005. 

That reduction in the growth rate has led to an accumulated reduction in GDP of 
about $38.8 trillion as of the end of 201 1 . That is, GDP at the end of 201 1 would 
have been $53.9 trillion instead of $15.1 trillion if regulation had remained at its 
1949 level.” 

The authors added: 

“Our results are qualitatively consistent with those obtained from studies using 
the various cross-country and panel data sets on regulation. Quantitatively, our 
estimated impact of regulation on aggregate output, large as it is, is similar to or 
lower than the micro-level impacts estimated in the cross-country and panel data 
studies. The cross-country and panel data are constructed very differently from 
our data, covering a subset of total regulations but over an array of countries. It 
thus seems that regulation has strong and robust negative effects on aggregate 
output.” 

Of course, there is much more on the costs of regulation beyond the Dawson and Seater study, 
and the dozen studies they note. For example, in “Ten Thousand Commandments: An Annual 
Snapshot of the Federal Regulatory State, 2014 Edition,” Clyde Wayne Crews Jr, reported: “The 
estimated cost of regulation exceeds half the level of the federal budget itself. Regulatory costs 
of $1 .863 trillion amount to 11.1 percent of the U.S. gross domestic product (GDP), which was 
estimated at $16,797 trillion in 2013 by the Bureau of Economic Analysis.” That's a serious 
drain and drag on the private sector. To put this in perspective, Crews noted: “U.S, households 
'pay' $14,974 annually in regulatory hidden tax, thereby ‘absorbing’ 23 percent of the average 
income of $65 ,596, and ‘pay’ 29 percent of the expenditure budget of $5 1 ,442. The ‘tax’ exceeds 
every item in the budget except housing. More is ‘spent’ on embedded regulation than on health 
ctire, food, transportation, entertainment, apparel and services, and savings.” 

For good measure, the Small Business Administration’s Office of Advocacy periodically 
estimates regulatory costs, obviously with an eye towards the burdens imposed on smaller 
businesses. In September 2010, the Office of Advocacy published an updated study estimating 
the costs of complying with federal regulations. The study - “The Impact of Regulatory Costs on 
Small Firms” by Nicole V. Crain and W. Mark Crain from Lafayette College - provided details 
regarding the burdens of federal regulatory costs. For example: 
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• The annua! cost of federal regulations registered $1 .75 trillion in 2008. 

• For firms with less 20 employees, the per-employee cost registered $10,585, 
which was 42% higher than the $7,454 per employee cost for firms with 20-499 
employees, and 36% higher than the $7,755 for firms with 500 or more 
employees. 

• On the environmental front, per employee regulatory costs for firms with less 
than 20 employees came in at $4,101 , which topped the $1 ,294 cost for firms with 
20-499 employees by 217% and the $883 cost for businesses with 500 or more 
workers by 364%. 

• Small manufacturers get hit particularly hard. Per employee regulatory costs for 
manufacturers with fewer than 20 employees came in at $28,316, which was 

1 10% higher than the $13,504 for manufacturers with 20-499 employees and 
125% more than the $12,586 burden on companies with 500 or more employees. 

Again, serious cost differentials came in the area of environmental regulation, 
where per employee costs for manufacturers with fewer than 20 employees came 
in at $22,594, which topped the ,$7,131 for firms with 20-499 employees by 217% 
and exceeded the $4,865 for firms with 500 or more workers by 364%, 

Of course, it needs to be pointed out that small and mid-si^e businesses - that is, those with less 
than 500 workers - are central to economic growth and job creation. As the SBA’s Office of 
Advocacy has summed up (“Frequently Asked Questions About Small Business,” March 20 14), 
small businesses account for 46 percent of private-sector output, and 98 percent of firms 
exporting goods. As for jobs; “Small firms accounted for 63 percent of the net new jobs created 
between 1993 and mid-20 13 (or 14.3 million of the 22.9 million net new jobs). Since the end of 
the recession (from mid-2009 to mid-2013), small firms accounted for 60 percent of the net new 
jobs. Small firms in the 20-499 employee category led job creation.” 

So, it is imperative to keep our thinking clear on the effects of regulation. Those effects certainly 
are not about being a spur to innovation and job creation, but in reality, just the opposite, as 
resources are drained away from market, private-sector inventions, innovation, and investments, 
and redirected according to political preferences. 

Economic Costs and Nonattainment Under Proposed EPA Ozone Regulations 

The EPA’s proposed ozone regulations promi.se to be no different in terms of imposing costs, 
except for the fact that these have been identified as being potentially the most costly federal 
regulations ever imposed. 

In late February, NERA Economic Consulting updated a comprehensive study (“Economic 
Impacts of a 65 ppb National Ambient Air Quality Standard for Ozone”) of these EPA ozone 
regulations for the National Association of Manufacturers, assessing the economic impact of a 65 
ppb NAAQS for ozone. Again, and unsurprisingly, the costs would be significant. Consider 
(with all dollar costs noted in real 2014 dollars) seven key findings from the study: 

1. Lost Output and Jobs. “Employing our integrated energy-economic 
macroeconomic model (NewERA), we estimate that the potential emissions 
control costs could reduce U.S. Gross Domestic Product (GDP) by about $140 
billion per year on average over the period from 2017 through 2040 and by about 
$1 .7 trillion over that period in present value terms. The potential labor market 
impacts represent an average annual loss employment income equivalent to 1 .4 
million jobs (i.e., job-equivalents).” 
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2. Reduced Household Consumption. “Average annual household consumption 
over those same years could be reduced by an average of about $830 per 
household per year.” 

3. The Full Labor Picture. “A loss of one job-equivalent docs not necessarily 
mean one less employed person — it may be manifested as a combination of fewer 
people working and less income per worker. However, this measure allows us to 
express employment-related impacts in terms of an equivalent number of 
employees earning the average prevailing wage. These are the net effects on labor 
and include the positive benefits of increased labor demand in sectors providing 
pollution control equipment and technologies.” 

4. Higher Energy Prices. “Emissions reduction costs of a 65 ppb ozone standard 
also is likely to have impacts on U.S. energy sectors, largely because the more 
stringent ozone staitdard is projected to lead to the premature retirement of many 
additional coal-fired power plants... The average delivered residential electricity 
price is projected to increase by an average of 1 .7% over the period from 2017 
through 2040 relative to what they could otherwise be in each year (which is 
projected to be rising even without a tighter ozone NAAQS). Henry Hub natural 
gas prices are projected to increase by an average of 3.7% in the same time period 
(again, relative to what they could otherwise be in each future year), while 
delivered residential natural gas prices could increase by an average of 3.7%. Fart 
of the increase in delivered natural gas prices reflects the increase in pipeline 
costs due to control costs for reductions in NOX emissions in the pipeline system 
that could be recovered tlirough tariff rates.” 

5. Not the Complete Cost Story. It also must be noted that this latest analysis is 
not as complete at the study NERA published in July 2014. Time constraints did 
not allow for an updated analysis of how energy production could be affected in 
rural areas. As noted in the February 2015 report summary: “A tightened ozone 
standard has the potential to cause nonattainment areas to expand into relatively 
rural areas, where there are few or no existing emissions sources that could be 
controlled to offset increased emissions from new activity. If nonattainment 
expands into rural areas that are active in U.S. oil and gas extraction, a shortage of 
potential offsets may translate into a significant barrier to obtaining permits for 
the new wells and pipelines needed to expand (or even maintain) our domestic oil 
and gas production levels. The sensitivity analysis in our July 2014 report resulted 
in much larger natural gas price effects, and raised macroeconomic impacts of our 
base case by about 30 to 50%. Limitations of time have prevented us from 
conducting a similar sensitivity analysis for this update.” 

Nonetheless, it is noted in the most recent NERA findings: “In total, the costs of 
complying with the rule from 2017-2040 could top $1 trillion, making it the most 
expensive regulation ever issued by the U.S. government.” It also must be pointed 
out, as noted in the report, “All sectors of the economy would be affected by a 65 
ppb ozone standard, both directly through increased emissions control costs and 
indirectly through impacts on affected entities’ customers and/or suppliers.” 

6. NERA vs. EPA Costs. As opposed to the EPA's essential guesswork on costs, 
the NERA study attempts to get at the real potential costs based on the realities of 
the marketplace. As noted, “As in the July 2014 analysis, emission reductions 
from ‘known’ controls were not sufficient to achieve attainment, in this case with 
a 65 ppb ozone standard. EPA has filled the gap with a rough estimate of costs of 
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‘unknown' controls, i.e.. controls for which no cost information was developed. In 
contrast to the two cost estimation methodologies presented in its 2008 and 2010 
RIAs, this time EPA used a single simplistic assumption that annualized control 
costs for these ‘unknown’ controls would be equal to $1 .‘5,000 per ton, regardless 
of the state, the sector, or the amount of emission reduction required. This 
estimate was not based upon any evidence-based analyses of the nature of the 
emissions that remain after ‘known’ controls are in place, or of the costs of 
potential additional controls for these sources. Our compliance cost estimates are 
based upon a synthesis of EPA estimates of emission reduction, our modifications 
of EPA’s assumptions regarding ba.seline reductions, EPA’s estimates of the costs 
of ‘known’ controls, and our more detailed estimates of the costs of ‘unknown’ 
controls. As in our July 2014 report, our ‘unknown’ cost estimates are more 
evidence-based than EPA’s, as we use detailed information on the types of 
sources that account for the remaining emissions (EGUs, other point sources, on- 
road sources, off-road mobile sources, and area sources) as well as estimates of 
the potential costs of reducing emissions by scrapping existing emission sources 
prematurely.” 

And later in the report: “We estimate that the potential costs of achieving a 65 ppb 
ozone standard could have a present value of almost $1.1 trillion as of 2014 
(based upon costs incurred from 2017 through 2040), not including any costs for 
forcing a massive cutback in generation from coal-fired EGUs to reduce NOX 
emissions from the power sector (whose costs are endogenously determined in the 
economic impact model)... As a rough point of comparison, we estimate that 
EPA’s annualized cost estimate implies a present value of about $167 billion. The 
primary difference in our methodologies is the extrapolation method used to 
estimate the cost of ‘unknown’ controls; we attempted to assess the kinds of 
controls that would be required after “known” controls and based our method on 
the estimated costs per ton of one such control (vehicle scrappage), whereas EPA 
relied on an arbitrary constant value.” 

7. Implications for Economy- Wide Nonattainment. As explained in the initial 
comprehensive economic study from NERA published in July 2014 (“Assessing 
Economic Impacts of a .Stricter National Ambient Air Quality Standard for 
O/.one”), the problems that come with nonattainment arc considerable: “Unlike 
regulations that target specific sectors, an ozone standard would directly affect 
virtually every sector of the economy, because ozone precursors (oxides of 
nitrogen, or NOX, and many types of volatile organic compounds, or VOCs) are 
emitted by a wide range of stationary, mobile, and area sources. Moreover, a 
tightened .standard might result in other effects, notably potential constraints on 
domestic natural gas and crude oil development activity if nonattainment regions 
introduce permitting barriers or require emissions offsets to develop new wells 
and processing facilities.” 

The July 2014 report also explained what “non-attainment” means in practical 
terms, that is, new businesses must obtain air permits to operate. As NERA stated: 
‘Finally, being in nonattainment of a NAAQS triggers more regulatory burdens 
than just reducing emissions to achieve attainment. A number of regulatory 
programs are also imposed on nonattainment areas. Significant among these is a 
requirement that any economic entity that wishes to obtain a permit to establish a 
new facility that will emit the pollutant(s) of concern in a nonattainment area must 
first find an offsetting reduction of those same emissions from another facility that 
is exiting the area, or has voluntarily reduced its owm emissions below its 
permitted level. Markets for these ‘offsets’ often develop, but offsets can be 
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exceedingly costly or difficult to find if there are few existing emitting facilities 
in the area to create a supply. A tightened ozone standard has the potential to 
cause nonattainment areas to expand into relatively rural areas, where there are 
few or no existing manufacturing facilities to generate a supply of offsets. If 
nonattainment expands into rural areas that are active in U.S. oil and gas 
extraction, a shortage of offsets may translate into a significant barrier to 
obtaining permits for the new wells and pipelines needed to expand (or even 
maintain) our domestic oil and gas production levels.” 

Much of the nation would be in nonattainment areas under the EPA's new regulatory standards. 
For example, the Business Roundtable has reported (“EPA Current and Proposed Ozone 
Standards” on their website at http://businessroundta ble.org/ozone-map .): “155 U.S. counties 
violate the current ground-level ozone standard of 75 parts per billion (PPB). EPA is considering 
a new standard in the range of 70 ppb to 60 ppb... Approximately one-third of the U.S. 
population cumently lives in areas that violate the current standard of 75 ppb.” At 70 ppb, based 
on the Business Roundtable’s analysis, 48 percent of the population would live in counties at risk 
of violating the ozone standard, and 45 percent of manufacturing jobs would be located in such 
counties. At 65 ppb, it would be 59 percent of the population living in counties risking violation, 
and 58 percent of manufacturing jobs. 

The American Chemistry Council also looked at nonattainment and costs (see “EPA’s ozone 
standard: A defining moment for U.S. manufacturing,” March 9, 2015, at 
http://blog.americanchemistrv.eom/2015/03/cpas-ozone-standard-a-defining-moment-for-u-s- 
manufacturing/fethash.BfHzv2Uu.dpuf). According to the CCA, investment in new and 
expanded facilities will suffer in nonattainment areas: “In non attainment areas, total emissions 
are capped. Business growth becomes a zero-sum game: In order to expand, companies must 
shut down other parts of their production, wait for others to close, or buy emissions ‘offsets’ that 
are difficult to find and extremely expensive. All these factors create uncertainty in investment 
projects that can ultimately make new investment not worth the trouble. . . For factories and 
power plants, a lower ozone standard means new facilities, expansions, and restarts could be 
delayed or scrapped. Facilities that do expand will have to pay millions for offsets even though 
their new production is cleaner and state of the art.” That effectively is a cap on new business 
formation and business and economic growth. 

The CCA highlighted chemistry industry investments happening in the state of Louisiana thanks 
to lower costs via the shale natural gas revolution. But these investments are at risk: “So far, 5 1 
projects representing $35 billion in new investment are planned for the state. The projects would 
generate $21 .5 billion in additional chemical industry output and 37,200 permanent new jobs 
(direct + indirect). Most of Louisiana would be in nonattainment at 65 ppb. By lowering the 
NAAQS, EPA could limit the vast economic potential of these historic investments,” 

As for how extensive nonattainment would be, the CCA noted: “At 65 ppb, which is at the lower 
end of the range EPA proposed, 2000 counties in 45 states covering a population of 255 million 
would be in nonattainment, based on EPA’s most recent complete air quality data. At 70 ppb, 

1 300 counties in 40 states covering a population of 210 million would be in nonattainment.” 

Finally, the CCA also highlighted the impact on small business: “Small businesses such as gas 
stations, bakeries, printing operations, dry cleaners, auto body shops and small manufacturers 
will be affected.” 

Disproportionate Impact on Small Businesses 

In the end, all sectors of the economy would be negatively affected by the EPA’s new, stringent 
NAAQS ozone regulations. That means, of course, that small businesses will be hit hardest, as is 
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the case with nearly all regulations and given that small businesses account for the 
overwhelmingly majority of firms across nearly all sectors of our economy. 

The NERA study highlighted potential lost output in non-energy and energy sectors. Consider 
the major role small business plays in the overall economy and in some of these key sectors 
affected by these new regulations (latest Census Bureau employer data from 2012): 

• Among all industries, 89.6% of employer firms have less than 20 workers, and 99.7% less than 
500 employees. 

• Among agriculture, forestry, fishing and hunting businesses, 93.5% of employer firms have less 
than 20 workers, and 99.6% less than 500 workers. 

• Among all manufacturing firms, 75.3% have less than 20 workers, and 98.6% less than 500 
employees. 

• Among key energy industries: 

90.7% of employer firms among oil and gas extraction businesses have less than 20 
workers, and 98.5% less than 500 workers; 

78.1% of firms among drilling oil and gas wells businesses have less than 20 workers, 
and 97,2% less than 500 workers; 

- 81,5% of firms among support activities for oil and gas operations businesses have less 
than 20 workers, and 98.6% less than 500 workers; 

60.5% of firms among oil and gas pipeline and related structures construction businesses 
have fewer than 20 workers, and 95.5% less than 500 workers; 

- 54.7% of firms among oil and gas field machinery and equipment manufacturing 
businesses have less than 20 workers, and 9 1 ,4% less than 500 workers; 

- 58.5% of firms among coal mining firms have le.ss than 20 workers, and 93.7% less than 
500 workers; 

and 64.6% among support activities for coal mining businesses have fewer than 20 
employees, and 96.4% less than 500 workers. 

And what about chemical industries, given their concerns, as noted above? 

• As for chemical manufacturing, 62.4% of employer firms have less than 20 workers, and 94% 
have less than 500 employees. 

• Among chemical and allied products merchant wholesalers, 83.3 percent of employer firms 
have fewer than 20 employees, and 97.4% less than 500 workers. 

Again, this very much is about small business. 

The costs of the proposed EPA ozone regulations promise to be enormous for small businesses, 
and for the overall economy. It’s also worth highlighting that energy - which has been a rare 
bright spot in an otherwise dismal economy over the past eight years - and manufacturing - 
which is in the midst of a revitalization - would both suffer significantly under the new EPA 
regulations. Again, these are small-business sectors. 
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Conclusion 

Small businesses in non-attainment areas wilt have a difficult time starting up, expanding and 
competing for “offsets,” as those offsets will be expensive, or perhaps not exist when needed. 
Compliance will be complex and costly. Economic opportunity and job creation will suffer. The 
expense and red tape will be a barrier to new startups and business formation. These regulations 
would hamper local efforts to spur new business creation, and could, in effect, serve as a cap on 
entrepreneurship and small business growth. 

Indeed, the proposed ozone rule not only has the potential to be the “most expensive regulation” 
ever enacted by the federal government in U.S. hLstory, it will be one that severely impinges on 
entrepreneurship and economic freedom. 

The CCA, along with many others, by the way, have made the important point that the “current 
ozone standard of 75 ppb is the most stringent ever and hasn’t been fully implemented across the 
country,” as “parts of 26 states covering a population of 120 million still don’t meet the current 
standard.” And to put all of this in broader perspective, “Between 1980 and 2013, total emissions 
of the six principal air pollutants dropped by 62 percent, even as U.S. gross domestic product 
grew 145 percent. Voluntary and regulatory programs will continue to reduce ozone 
concentrations through 2030.” 

Given what’s already been achieved, what has not yet been implemented, and the significant 
costs, including for small business, that would come with stricter ozone mandates, one is left 
bewildered as to why the EPA is going down this path. 

Thank you for the opportunity to testify today. 
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Chairman Smith. All right. Thank you, Mr. Keating. 
Dr. Rice? 


TESTIMONY OF DR. MARY B. RICE, 

INSTRUCTOR IN MEDICINE, HARVARD MEDICAL SCHOOL, 
PULMONARY AND CRITICAL CARE PHYSICIAN, 
DIVISION OF PULMONARY, 

CRITICAL CARE AND SLEEP MEDICINE, 

BETH ISRAEL DEACONESS MEDICAL CENTER, BOSTON MA 

Dr. Rice. Thank you, Mr. Chairman. I am Dr. Mary Rice. I am 
a pulmonary and critical care physician at Beth Israel Deaconess 
Medical Center at Harvard Medical School, and I care for adults 
with lung disease, many of whom suffer from asthma and Chronic 
Obstructive Pulmonary Disease, known as COPD. You have my 
written testimony before you, and there are just a few points that 
I would like to add to the discussion. 

First, ozone is bad for people with lung disease, and this has 
been known for decades. Ozone is a power oxidant that irritates the 
lung tissue, and damages the lung. Hundreds of research studies 
in different areas across the U.S. and around the globe have dem- 
onstrated that when people with common disease, like asthma and 
COPD, are exposed to ozone, they get sick. 

One of my patients with severe asthma tells me that on those hot 
ozone days in the summertime, he feels his chest tighten up, and 
he feels like he cannot get enough air. He stays home from work, 
and he uses his inhaler around the clock, but that is not enough, 
and that is when he calls me, asking for stronger medications. One 
summer his breathing difficulties were so severe that he was hos- 
pitalized twice in one summer. 

Now, this is just one story, but hundreds have studies have dem- 
onstrated that increases in ozone are associated with people having 
to increase the use of medications to control asthma, having to 
miss school or work to visit the doctor because their medications 
aren’t strong enough, going to the emergency room for respiratory 
symptoms, and hospitalization for respiratory illness. And for some, 
especially the most vulnerable people, such as the elderly and peo- 
ple with COPD, high ozone days result in premature death. 

Second, what sometimes gets lost is that ozone pollution is a res- 
piratory irritant for otherwise healthy people too, and research, in- 
cluding my own work in the Framingham Heart Study with my col- 
leagues at the Harvard School of Public Health, has shown that 
when normal healthy adults are exposed to ozone levels above 60 
parts per billion, their lungs do not function as well as when the 
ozone level is below 60. 

And, third, it doesn’t matter where the ozone comes from, wheth- 
er it is background ozone, transport ozone from other countries, 
ozone created by pollution right here in the U.S., our lungs can’t 
tell the difference. Ozone is harmful to our lungs regardless of its 
source, and it is especially dangerous for people with lung disease. 

Fourth, when people in the medical community talk about 
ozone’s impact on public health, what we are really talking about 
is the accumulation of all the personal stories that make up Amer- 
ica. And I am sure that many people in this room have personal 
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stories involving respiratory diseases because they are just so com- 
mon. I am a physician and a researcher, but my most important 
job is my role as a mother to three children under the age of six, 
and one of them, my 1-year-old son, has had two emergency room 
visits and one hospitalization for respiratory disease. 

Ozone has been found to increase the risk of emergency room vis- 
its for respiratory infection in young children under the age of four, 
and when my son develops a cough, I am terrified that this could 
mean the next ambulance ride. And when he is sick, I cannot go 
to work, I can’t take care of my patients, or my husband can’t go 
to work, or we have to leave our sick child home with a caretaker. 
But we are more fortunate than many Americans, some of whom 
risk losing their job, or struggle to pay for the emergency room visit 
when they or a loved one suffiers and acute respiratory illness, such 
as an asthma attack. 

Ozone above 60 parts per billion is harmful to public health. It 
increases my son’s risk of the next hospital visit. Nationwide, ozone 
levels above 60 have been estimated to increase the number of 
acute respiratory illnesses by 10 million per year in the United 
States. My son, and every American, deserve an ozone standard 
that is protective. 

Lastly, the science is strong and compelling. Since 2006, when 
the Bush Administration EPA looked at the ozone standard, the 
American Thoracic Society recommended a more protective stand- 
ard, 60 parts per billion. We were confident of our recommendation 
then, and we are more confident of our recommendation today. The 
more scientists and doctors have studied the health effects of 
ozone, the more confident the medical community has become 
about ozone’s harmful effects on the respiratory health of children, 
adults, and the elderly. 

And the EPA is not basing their proposed standard on one study 
or 10 studies. The proposed rule is based on literally hundreds of 
studies that demonstrate that the current standard is not protec- 
tive. These studies include multiple scientific methods, including 
animal toxicology studies, human exposure studies, observational 
epidemiology studies, natural experiment studies, meta-analyses 
that combine the results of multiple studies, and the evidence over- 
whelmingly indicates that the current ozone is not protective of 
public health, and that levels in the range of 60 to 75 parts per bil- 
lion are harming people with lung disease. 

On behalf of the American Thoracic Society, I urge the EPA and 
the Administration to finalize a more protective ozone standard of 
60 parts per billion. I would be happy to take questions. Thank 
you. 

[The prepared statement of Dr. Rice follows:] 
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Comments from the American Thoracic Society 
Presented by Mary B. Rice MD 

Before the House Committee on Science, Space and Technology on 
EPA’s Proposed Ozone National Ambient Air Quality Standard 
March 17, 2015 

Mr. ChainTian, Ms. Ranking member, my name is Dr. Mary Rice. I am an adult 
pulmonologist and critical care physician at Beth Israel Deacone.ss Medical 
Center and Harvard Medical School in Boston, and also a member of the 
Health Policy Committee of the American Thoracic Society. When I am not 
caring for patients, I am engaged in research on the respiratory health effects of 
ambient pollution exposure in children and adults. On behalf of the American 
Thoracic Society I want to thank the Committee for the opportunity to testify 
regarding the Ozone National Ambient Air Quality Standard proposed by the 
Environmental Protection Agency (F.PA). The American Thoracic Society is a 
medical professional organization with over 15.000 professionals and patients 
who are dedicated to the prevention, detection, treatment and cure of 
respiratory disease, critical care illnesses and sleep-disordered breathing. We 
pursue our mission through research, clinical care, education and advocacy. 

ft has been known for a long time that ozone (Oj) is a potent oxidant that 
irritates and damages the airways and lungs. The American Thoracic Society 
strongly supports EPA's proposal to strengthen the National Ambient Air 
Quality Standard for ozone. If anything, we are disappointed EPA did not go 
further is recommending a stronger standard of 60 ppb. 

For .several years, the ATS has encouraged the EPA to issue a more protective 
ozone standard. When the standard was reviewed in 2007 under the Bush 
Admini.siration, we recommended a health-based, 8-hour standard of 60 ppb 
based on the available evidence at that time'. When the Obama Administration 
first reconsidered this standard in 2010, we again urged 60 ppb^. While the 
recommended standard endorsed by the physician community has not changed 
during this time, the scientific evidence supporting this recommendation has 
significantly strengthened. The evidence available seven years ago Justifying 
this recommendation has been supplemented by an even greater understanding 
of the health effects of ozone exposure, including greater exacerbation of 
respiratory disease in infants and children, worse lung function in healthy 
adults and those with lung disease, hospitalization for asthma and chronic 
obstructive lung disease, and increased mortality in adults. There is clear, 
consistent, and conclusive evidence that we believe should compel EPA to 
establish an ozone standard no higher than 60 ppb^ 
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Ozone exposures in the range of 60 ppb to 70 ppb have adverse physiologic effects across the 
entire age spectrum — from newborn infants to the elderly. While there is also some evidence of 
health effects of ozone exposure below 60 ppb, the strongest evidence supports the eonclusion 
that serious adverse health effects occur across all ages at levels above 60 ppb. 

Highlights of this new body of evidence include several lines of evidence demonstrating dose- 
response relationships between ozone omosure above 60 ppb and childhood asthma hospital 
admissions and emergency room visits^^and a new study of emergency department visits by 
preschool children in Atlanta, which found that each 30 ppb increase in the three-day average of 
ozone was associated with an 8% higher risk of pneumonia®. 

Today, ozone pollution - at levels permissible under the current standard - makes children sick. 
EPA has the authority and obligation to set a standard that protects children from the adverse 
health effects of ozone exposure. 

But it's not just children -- adults are also harmed by ozone exposure. Research has shown that 
for each incremental rise in ozone exposure, severe asthma exacerbations, emergency room 
visits, and hospitalizations for asthma increase for adults^'^’’^ Similar associations have been 
found for adult admissions for chronic obstructive pulmonary disease’ and pneumonia’^. In 
my own work with colleagues at the Harvard School of Public Health and the Framingham Heart 
Study, we examined lung function in more than 3.000 healthy adults and found that lung 
function was substantially lower (by 55 mL) when ambient ozone ranged from 60 to 75 ppb 
compared to days with levels under 60 ppb'^ This analysis did not even include any days with 
levels above our current standard of 75 ppb. Six epidemiological studies in the U.S. and Canada 
provide further real-world evidence that a standard of either 70 ppb or 65 ppb fails to provide 
adequate protection. These studies (Bell et al., 2006: Cakmak et al., 2006; Dales et al., 2006; 
Katsouyanni et al.. 2009, Mar and Koenig, 2009; Sticb et al, 2009)’"^"’^ identified positive 
associations between ozone exposure and premature death, increased hospital admissions and 
emergency department visits primarily for respiratory condition as w-ell as cardiac conditions. 
Controlled human exposure studies have re-affirmed lung function decrements in healthy adults 
after exposure to 60 ppb to 70 ppb of ozone"^"'. Numerous animal toxicology .studies have 
demonstrated damage to the lung tissue after ozone exposure, including evidence of lung damage 
al levels in the 60 to 70 ppb range“^’^l 

Perhaps of greatest concern, there is now stronger evidence of increased mortality in association 
with higher ozone !evels"^''^ particularly among the elderly and those with chronic disease^^’"®. 
These large, multi-city studies found strong and consistent associations with increased risk of 
premature death, particularly in the warmer months when ozone levels are higher. The figure 
below, published in a paper in the New England Journal of Medicine in 2009, demonstrates the 
dose-response relationship between ozone levels and death from respiratoiy causes*'^. There is a 
linear relationship between ozone concentration and risk of respiratory death above levels of 60 
ppb: 
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Exposure-Response Curve for the Relation between Exposure to Ozone and the Risk of Death 
from Respiratory Causes 



40 60 80 100 

Daily 1-Hf Maximum Ozone level (ppb), 1977-2000 


A Study published by investigators at the Johns Hopkins School of Public Health estimated the 
annual numbers of ozone-related premature deaths that could be avoided with full attainment of 
an ozone standard of 75 ppb, 70 ppb and 60 ppb'’°. If all non-attainment areas in 2005 to 2007 
were instead in full compliance with the current 75 ppb standard, an estimated 1500 to 2500 
premature deaths would be avoided each year. This increases to 2500 to 4100 premature deaths 
at 70 ppb, and 5200 to 8000 premature deaths at an attained ozone standard of 60 ppb. This 
study also estimated that 10 million cases of acute respiratory symptoms and 3.5 million lost 
.school days would he avoided nationally if wc attained a standard of 60 ppb of ozone. 

In sum. there is abundant and consistent scientific evidence demonstrating that ozone pollution - 
at levels permitted by the current standard - is damaging to the human lungs and contributes to 
illness and death. Ozone is particularly harmful to certain people, including babies, children and 
adults with asthma, people with chronic obstructive pulmonary disease, and the elderly. 7'hc 
EPA and the Administration both have the authority and the obligation to establish a more 
protective ozone standard. The American Thoracic Society strongly urges EPA and the 
Administration to finalize a more protective ozone standard of 60 ppb. 

1 would be happy to answer any questions. 
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Chairman Smith. Thank you, Dr. Rice. 

Dr. Lefohn? 

TESTIMONY OF DR. ALLEN S. LEFOHN, 

PRESIDENT, A.S.L. & ASSOCIATES 

Dr. Lefohn. Thank you. Thank you very much for inviting me 
here today. It is a long way from Last Chance Gulch in Helena, 
Montana. 

My name is Allen Lefohn. As the Chairman has indicated, I have 
a Ph.D. from UC Berkeley. I perform research for environmental 
organizations, federal and tribal governments, the U.S. Congress, 
the White House, the United Nations, and industrial clients. I have 
published over 125 peer reviewed publications, and serve as an ex- 
ecutive editor of “Atmospheric Environment.” Today I am speaking 
on my own behalf. 

Background ozone plays an important role in affecting the selec- 
tion of the level of the human health standard. In my testimony 
I will discuss how current levels of background ozone make up a 
substantial portion of the observed ozone across the United States. 
As emissions are reduced, EPA has estimated cumulative mortality 
and morbidity health risks that will be heavily impacted by back- 
ground ozone. EPA’s margin of safety is influence by background 
ozone. 

Why is background important in the standard setting process? 
Background ozone is continually contributing to observed con- 
centrations that influence risk estimates across the entire United 
States. Background also contributes to exceedances of the standard 
and attainability. 

What happens to ozone concentrations when emissions are re- 
duced to attain the ozone standard? Efforts to control ozone will 
not only reduce peak ozone concentrations, but will cause the low 
level concentrations to shift upward. The result is that mid-range 
values, 25 to 55 parts per billion, will dominate the distribution of 
concentrations. EPA’s mortality and morbidity risk estimates are 
dominated by the mid-range concentrations. Background makes up 
a large percentage of these concentrations. 

What is EPA’s conclusion about the relative importance of back- 
ground ozone? EPA, and our international research team’s findings, 
agree that background ozone makes up a relatively large percent- 
age, 70 to greater than 80 percent, of the observed ozone within the 
intermountain western U.S., and along the northern and southern 
U.S. border. The orange and red circles in this slide illustrate 
where the large percentages occur. Eor many low elevation sites 
across the U.S., the contribution of background ranges from 50 per- 
cent to greater than 80 percent, as illustrated by the green, yellow, 
orange, and red colored circles. 

What is EPA’s opinion on the role that background plays in at- 
taining alternative ozone standards across the U.S.? EPA agrees 
that there is no question that as the levels of potential alternative 
standards are lowered, background will represent increasingly larg- 
er percentages of total ozone, and may subsequently complicate ef- 
forts to attain these potential standards. 

How much does background contribute currently within specific 
concentration ranges? Yellowstone National Park in Wyoming is 
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dominated by background ozone throughout the year, with minor 
anthropogenic contributions. In this slide, the relative contribution 
of background, noted by blue, to anthropogenic, noted by red, with- 
in each concentration level shows that background contributes 
greater than 80 percent, including the mid-range, which is an im- 
portant range that I have indicated influences EPA’s human health 
risk estimates. In the next slide, for Denver, the contribution of 
background within the mid-range concentrations is approximately 
75 to 80 percent. For Los Angeles, a site heavily influence by an- 
thropogenic emissions, background contributes 60 to 80 percent in 
the mid-range. 

How does background influence the EPA’s human health risk es- 
timates? As emissions are reduced, background influenced con- 
centrations in the mid-range dominate the cumulative mortality 
health risks. In some cases, 90 percent or more of the accumulated 
risk is associated with mid-range for cities across the U.S. The dif- 
ferent colors represent the different standard scenarios. Results 
shown here are similar for all 12 cities in the epidemiological risk 
analysis. The Administrator has placed greater weight on con- 
trolled human exposure studies, rather than on epidemiological re- 
sults. 

As emissions are reduced, we investigated the degree to which 
EPA’s lung function risk estimates are affected by the background 
influenced concentrations in mid-range for Los Angeles, Denver, 
Houston, Philadelphia, and Boston. We found that three, Los Ange- 
les, Denver, and Houston, of the five cities, a large percentage of 
the cumulative frequency of responses is affected by background in- 
fluence mid-range. 

In conclusion, background will be a regional attainment problem 
in the west and the intermountain west. There is no doubt about 
that. The EPA Administrator will use the background influenced 
EPA mortality, morbidity, and lung function risk estimates to pro- 
vide a margin of safety when setting the ozone standard. Back- 
ground cannot be ignored, and plays an important role in informing 
the administrator on the final selection of the level of the ozone 
standard. 

Thank you very much. 

[The prepared statement of Dr. Lefohn follows:] 
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Testimony by Allen S. Lefohn, Ph.D. 
to 

The House Committee on Science, Space, and Technology 
March 17, 2015 

My name is Allen Lefohn. I have a Ph.D. from UC Berkeley. I have performed 
research for environmental organizations, federal and tribal governments, the U.S. 
Congress, the White House, the United Nations, and industrial clients. I have 
published over 125 peer-reviewed publications and served as an Executive Editor 
of Atmospheric Environment. 

Today, I am speaking on my own behalf. 

Background ozone plays an important role in affecting the selection of the level of 
the human health ozone standard. 

In my testimony I will discuss: 

• Current levels of background ozone make up a substantial portion of the 
observed ozone across the U.S. 

• As emissions are reduced, EPA’s estimated cumulative mortality and 
morbidity health risks will be heavily influenced by background ozone. 

• EPA’s margin of safety is influenced by background ozone. 

Why is background important in the standard-setting process? 

Background ozone is continually contributing to observed concentrations that 
influence risk estimates across the U.S. Background also contributes to 
exceedances of the standard and attainability. 
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What happens to ozone concentrations when emissions are reduced to attain 
the ozone standard? 

Efforts to control ozone will not only reduce peak ozone concentrations, but will 
cause the low-level concentrations to shift upward. The result is that mid range 
values (i.e., 25 - - 55 ppb) will dominate the distribution of concentrations. EPA's 
mortality and morbidity risk estimates are dominated by mid-range concentrations 
range (EPA, 2014b, c). Background makes up a large percentage of these mid- 
range values (Lefohn et al., 2014). 


What is EPA's conclusion about the relative importance of background 
ozone? 

EPA's and our findings (Lefohn et ah, 2014) agree that background ozone makes 
up a relatively large percentage (e.g., 70 to greater than 80%) of the observed 
ozone within the intermountain western U.S. and along the northern and southern 
U.S. border. The orange and red circles in Slide 3 illustrate where the large 
percentages occur. For many low-elevation sites across the U.S., the contribution 
of background ranges from 50% to greater than 80% as illustrated by the green-, 
yellow-, orange- and red-colored circles (EPA, 2014a). 
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Slide 3. Map of sitc-spccific ratios of apportionment-based U.S. background to 
seasonal mean ozone (April-Octobcr) based on 2007 CAMx source apportionment 
modeling. (Source: page 2-22 ofEP A's Policy Assessment Document (EPA, 2014a)). 


What is EPA's opinion on the role that background plays in attaining 
alternative ozone standards across the U.S.? 

EPA (Federal Register, 2014 page 75383) agrees that there is no question that as 
the levels of potential alternative standards are lowered, background will represent 
increasingly larger percentages of total ozone and may subsequently complicate 
efforts to attain these potential standards. 

How much does background contribute currently within specific 
concentration ranges? 

Yellowstone National Park in Wyoming is dominated by background ozone 
throughout the year with minor anthropogenic contributions (Lefohn et al., 2014). 
In Slide 4, the relative comparison of background (noted by blue) to anthropogenic 
(noted by red) within each concentration level shows that background contributes 
greater than 80%, including the mid-range (20-25 ppb), which is an important 
range that influences EPA's human health risk estimates. 
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Relative Contribution of Backgroundto Observed Ozone 
Yellowstone NP, WY 
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Slide 4. Average relative contributions of current hourly background (blue) and 
anthropogenic ozone (red) for Yellowstone NP (WY). (Source: Lcfohn et al., 2014). 

In Slide 5, for Denver, the contribution of background within the mid-range 
concentrations is approximately 75 to 80%. For Los Angeles, a site heavily 
influenced by anthropogenic emissions, background contributes 60-80% in the 
mid-range. 


Ralative Contribution of Background to Observed Ozone Relative Contribution of Backgroundto Observed Ozone 

Denver, CO Los Angeles, CA 



CDtTCertB*t>onippti! ConcerWiBon (ppb) 


Slide 5. Average relative contributions of current hourly background (blue) and 
anthropogenic ozone (red) for Denver (CO) and Los Angeles (CA). (Source: Lefohn et al., 
2014). 
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How does background influence the EPA's hnman health risk estimates? 


As emissions are reduced, background-influenced concentrations in the mid-range 
dominate the cumulative mortality health risk estimates (Slide 6). In some cases, 
90% or more of the accumulated risk is associated with the mid-range for cities 
across the U.S. The different colors represent the different standard scenarios. 
Results shown here are similar for all 12 cities used in the epidemiological risk 
analyses. 


Percent Short-Term Mortality 
Attributable to O 3 in the 25-55 ppb Range 
2007 



rBackgroundOzone^ 
Heavily Influences 
I the 25-35 ppb 

1 Range 


■Recent Conditions 
aCurrent Standard (75) 
sAttematjve Standard (70) 
□ Aitemative Standard {65} 
o Alternative Standard (60) 


Slide 6. Percent short-term ozone-attributable mortality in the 25-55 ppb range for various 
exposure conditions for 2007 for 7 of 12 cities. (Source: Data from Fig. 7-Bl on page 7-B3 
of EPA, 2014c). 

The Administrator has placed greater weight on controlled human exposure studies 
rather than on the epidemiological results (Federal Register, 2014 page 75288). As 
emissions are reduced, we investigated the degree to which EPA's lung function 
risk estimates are affected by the background-influenced concentrations in the mid- 
range for Los Angeles, Denver, Houston, Philadelphia, and Boston. We found that 
for 3 (i.e., Los Angeles, Denver, and Houston) of the 5 cities, a large percentage of 
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the cumulative frequency of responses is affected by background-influenced mid- 
range concentrations (Slide 7). 


Effect of Background O 3 on EPA's Risk Assessment 
Lung Function (FEV,) Decrement* for 25-55 ppb O 3 
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Slide 7. The percentage of the cumulative frequency of responses in children aged 5-18 
associated with the 25-55 ppb range for the Los Angeles, Denver, Houston, Philadelphia, 
and Boston urban study areas using EPA’s APEX model. 

Background will be a regional attainment problem in the West and Intermountain 
West. The EPA Administrator will use the background-influenced EPA 
mortality/morbidity and lung-function risk estimates to provide a margin of safety 
when setting the ozone standard. Background cannot be ignored and plays an 
important role in informing the Administrator on the final selection of the level of 
the ozone standard. 

Thank you 
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Biographic Sketch of Dr. Allen S. Lefohn 

Allen S. Lefohn is President and Founder of A.S.L. & Associates in Helena, Montana, a 
firm he founded in 1981 . He received his Bachelor's degree from UCLA in 1966 and a 
Ph.D. in physical chemistry from the University of California at Berkeley in 1969, Dr. 
Lefohn has published over 125 peer-reviewed publications, edited four books, presented 
oral papers, and participated in a number of panel presentations. During a career spanning 
almost 50 years, besides focusing his research on understanding the relative importance 
of background ozone. Dr. Lefohn's has developed exposure-response relationships and 
indices that describe the effects of ozone on vegetation and human health, as well as the 
analysis of air quality data in biologically relevant forms for effects assessment purposes. 
Dr. Lefohn was the lead consultant scientist for the EPA in authoring the air quality 
characterization chapter and the vegetation exposure-response section for the Ozone 
Criteria Document in 1996 and contributed to the Ozone Criteria Documents in 1985 and 
2006. For the period 1989 -- 1999, Dr. Lefohn served as an Executive Editor of the 
internationally recognized technical journal Atmospheric Environmenl and is an Emeritus 
Editor of the Journal. Dr. Lefohn is a co-guest editor with Dr. Owen Cooper of the 
NOAA Earth System Research Laboratory in Boulder, Colorado for the upcoming 
Atmospheric Environment special issue; Observations and source attribution of ozone in 
rural regions of the Western United States. In December 2014, Dr. Lefohn was invited to 
serve on the Steering Committee for the international research program. Tropospheric 
Ozone Assessment Report (TOAR): Global metrics for climate change, human health and 
crop/ecosystem research. The project will provide the research community with an up-to- 
date scientific asse.ssment of tropospheric ozone's global distribution and trends from the 
surface to the tropopause. Besides focusing his professional time on scientific research, 
Dr. Lefohn is a professional photographer who captures the magical artistic moments 
associated with the performing arts (i.e., symphony and ballet). He is currently serving as 
the artistic photographer for the Helena Symphony. He has held the position since 2003. 
He is currently an Adjunct Professor of Environmental Engineering at Montana Tech in 
Butte, Montana. 
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Chairman Smith. Thank you, Dr. Lefohn. 

And Mr. Heaston? 

TESTIMONY OF MR. ELDON HEASTON, 

EXECUTIVE DIRECTOR, MOJAVE DESERT AQMD, 
ANTELOPE VALLEY AQMD 

Mr. Heaston. Good morning. I am Eldon Heaston, the Executive 
Director, Air Pollution Control Officer for the Mojave Desert Air 
Quality Management District, and also for the Antelope Valley Air 
Quality Management District. I am here as one of the people who 
will have to implement the Clean Air Act provisions that will be 
triggered if the new ozone NAAQS is changed. My two districts are 
located in inland Southern California, adjacent to, and directly 
downwind from the Greater Los Angeles area. Together my dis- 
tricts cover more than 21,000 square miles in three different coun- 
ties. Area-wise, my districts are as big as some states. 

Antelope and Mojave are overwhelmingly impacted by trans- 
ported NOX and VOC, primarily from the Los Angeles basin. It is 
this simple fact that drives most of my concerns with the proposed 
ozone standard. The ozone precursor inventory for Antelope Valley 
and Mojave is approximately 192 tons a day. This is in comparison 
to roughly 1,000 or 1,100 tons per day in the South Coast Air Dis- 
trict, our biggest upwind contributor. 

So what does this mean? Well, to be blunt, we could shut every- 
thing down in the desert, no industry, no transportation, no hous- 
ing, no nothing, and we would still have exceedances of the current 
2008 standard. In fact, my district will never attain the current 
standard unless and until our upwind neighbors manage to do so. 
Our upwind neighbors. South Coast and the San Joaquin Valley, 
are struggling to find sufficient emission reductions to attain even 
the current ozone standard. Their plans rely heavily on technology 
forcing measures, and the so-called black box reductions which may 
not, if ever, be technologically or economically viable. I fear that if 
the proposed ozone standards are enacted that the entire southern 
half of California will need to be an all-electric zone to meet the 
requirements of the Clean Air Act. 

I am also concerned that some of the lower standard proposals 
are getting seriously close to the ambient back^ound. So, I mean, 
how do you improve air quality better than ambient? Another prob- 
lem with this is that the closer the standard gets to background 
levels, the greater the impact will be of long range transported pol- 
lutants from other countries and ships at sea. These are sources 
over which you and I have no control. 

In general, the Clean Air Act has done a pretty good job of con- 
trolling stationary source emissions. How can we tell? Well, the 
emissions inventory has shifted from being mostly stationary or in- 
dustrial in nature to be more mobile, and area source driven. In 
Mojave and Antelope, mobiles run 61 to 66 percent of our ozone 
precursors. In South Coast and San Joaquin, it is 85 and 80 per- 
cent respectively. To achieve attainment, we are going to need to 
do more about emissions from planes, trains, ships, and auto- 
mobiles. Under the Act, a change in the NAAQS is not going to 
mandate mobile controls to the same extent as required for sta- 
tionary source emissions. 
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Even if you do control the mobile sources themselves more effec- 
tively, there still remains the problem that, in my district, over 
140,000 residents commute over 60 miles one way to jobs into the 
L.A. basin. Inherently the more miles a vehicle travels, the more 
pollution on a per vehicle basis. This means that one of the best, 
most efficient mobile source control for my district is to move the 
jobs closer to the people. Unfortunately, this will be more difficult 
with a lower standard. 

The Clean Air Act amendments have been in existence for over 
20 years now. Given where we started, we have come a long way, 
and we are making progress. Antelope and Mojave have managed 
to attain the old one hour standard. We are only now beginning to 
implement the current plans and rules under the 2008 8-hour 
standard. Unfortunately, the proposed new standards will change 
the playing field again. I fear that the net result, at least in our 
district, will be to confuse the public into thinking that air pollu- 
tion is becoming worse, when, actually, it is getting better. I also 
am concerned that it is going to make it extremely difficult for in- 
dustry to comply so soon after upgrading to comply with the cur- 
rent standards. Despite the fact that it gives me job security, it 
seems we are chasing an ever-shifting goal. 

One of the things that I think we can all agree upon is that the 
intent of the NAAQS is to protect public health. It is our duty, as 
responsible government officials, to do this in a cost-efficient man- 
ner by getting the most health protection for each dollar that we 
spend on pollution control. A good portion of our district is open 
desert, with very little population per square mile. Part of that 
area is currently unclassified. However, if the entire district be- 
comes non-attainment, the cost of compliance for additional indus- 
trial sources in the outlying areas will increase substantially, hurt- 
ing even more small business. 

As company compliance spending increases, they generally cut 
costs elsewhere, often in personnel. As you are no doubt aware, eco- 
nomic opportunity and economic status also have a direct correla- 
tion with public health. I fear that the proposed new NAAQS might 
improve air quality at the expense of increasing the health burden 
caused by the lack of economic opportunity. 

I appreciate very much the opportunity to come and testify here 
today, and if there is any additional information I can provide, I 
will be glad to answer your questions. 

[The prepared statement of Mr. Heaston follows:] 
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Washington, DC 


Goexi Morning- I ant Eldon Hcasion the Executive Dircctor/Air Polhition Corttrot Officer i'or ihe 
Mojave Desert Air Quality Managernem District (MDaQMD or Mojave District) and the 
Antelope Valley Air Quality Management District (AVAQMD or Antelope District). Fni here 
today as a regulator and one of the people who will be required to develop and implemcm the 
plans and regulations which would be necessary if there is a change to the National Ambient Air 
Quality Standards for Ozone. 1 would like to thank the committee which, has given me this 
opportunity lo te.sti.ry. 

My two Districts are located in inland Southern California, adjacent, lo and directly downwind 
from the greater Los Angeles area. The M.DAQMD covers more than 20,180 square mi!e.s of 
de.sert San .Bcimardino (.'.'ount\' and the l^alo Verde Valiev region of Riverside County \vi.i;h an 
approximate population of 552 thousand people. The jurisdiction of the AVAQMD includes the 
desert portion of Los Angeles County with approxi.maiely 1 ,300 square miles and an estimated 
population of 460 thousand. 

Due to tite prevailing wind direction and topography these two air districts are overwhelmingly 
impacted by t ransported Ozone and its precursors. Oxides of Nitrogen. (NOx) and. Volatile 
Organic Coiupound.s (V<')C* ). from both the greater Los Angeles area and ihc San .loaqui.n 
VaUey. It is this simple fact that drives most of my concerns with not only the proposed Ozone 
standard but also the most recent 2008 .075 ppm 8 hour standard. Cixrenily the entire 
AVAQMD is designated nonattainment for Ozone and the MDAQMD is nonattainment for the 
Victor Valley area. Lhe ozone precursor invetitorv; for the Antelope Valley and Mojave De.scrl 


M 'i C I'if ■> ' I tn’iwio )». in,.! lOr V'OC i«. referred ro as Reacrive Organic Ga5.‘;e.< or ROG, 
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Dislrids is approxiinalL-ly 1 92 tons per day (tpd) combined'. This is in comparison lo roughly 
1 1)78.9.5 in the South Coa.st .Air Quality Management District (SCAQMi) or South Coa.sl 
District)’ tvhich cosers the greater Los Angeles .Area or 692.93 in the San .louqiiirs Valley 
l-liiilied s\ir Pollution Control District (SJVU.APD or San Joaquin l.iistricl)'*. [ infoilunalely thi.s 
mcan.s that even if there were absolutely no air pollution ernission.s in either the .^Vnieiopc tir the 
Mojave District these area.s would still e.xceed the cunreiit 2008 standard, rhe net re.suit til this 
natural situatiort i,s that the Antelope and Mojave Districts can NFVLR attain even the current 
2008 Ozone standard unlc.ss and imtil our upwind neighbors manage to do .so. 

Both the South Coa.st ttmi S;i,n .loaquitr districts are designated iioiiatiainmcnt for Ozone and 
classified as extreme, the worst ciassilicalion available. They are struggling to tind sufllcierit 
emissions reduciions to attain the current Ozone standard. Their plati.s rely hcaviij' on 
technology forcing measures atrd so called "biack box’’ reductions which may not, if ever, be 
technoiogically or economically viable. However without postuUiiiiig such reductions neither 
iitcy. nor in turn my districts, tan ever achic've attainniciit. 1 fear that i f the propo.sed Ozoiic 
standards are enacted, especially at the lower end of the ranges contemplated by TP-\ that the 
entire Soutlicm Caiilbrnia region will need to be an all-clecSric zone lo tneei the requirements 
contained in the Clean .Air .Act, 

I am also concemed that some of the lower standard proposals, namely the .060 to .063 ppm 
ranges are getting seriously cio.se t(> the ambient background levels of Ozone. The closer site 
standard gets to background levehs the greater the impact will be of long range tran.sported 
pollution from other countries and .ships at sea. These arc sources over wliiclt local air districts 
have no control. Even you. as the Congress have little or no inniieiice upon other countries or 
foreign llagged vessels. However if the standards are kr.scred, reductions in such emissions will 
be neee.ssary to acliieve allainincm. 

.As you are ail well aware, one general a.ssuniption undcriying the Clean .Air Act was that a major 
eompo.nent of the air pollution problems was derri ed stationary source.s. Now over the years 
since its enactraenl colleclivciy we’ve done a pretty gcnid job of controlling stationary source 
emis.sions. Thi.s is renecied in the fact that our emissions inc eiuory has shifted from being 
inosllv stationary in nature to being mtjstly mobile and arett-widc'y In the Mojave District our 
pollution inventory i.s now 61% mobile and area-wide sources Ibr ozone precursors. I.ikcwise, in 
ihe Antelope Dislricl it i.s 66%. In the Soutli Coa.st and the .San .Ioac|uin Districts the percemages 
are 8.3', '4 and 8() To respectively, rherefore. in order to achieve attainment oi'the cuiTent 
.stamlards a.s \vc.ll as tiny newly proposed standards the,sc going ti> need to vigorcmsly addre.s.sed, 
Of course these types of sources arc primarily within the preview of the federal (Jovernment and 
will need lo be addres.scJ at the national level. 


.Mri.AOMir 2012 Invcnturv I'ur 0/onc precursors " 1 16.61 Ipvl NO.x and t8.,S8 tpd VrtC. ,yV.AQMD 2012 
h'svcn’.ory lor 0/onc prccurHors I8.5(i ipd NOx ar\d 16.27 tpd VOC. See 

Knp__ uAvvN aU'' Ou 20\ c-i ii,.irb M.rvnK.p JiM'it ap.htm 

SC-AOVIl) 2ui2 irr.enlorv lor i.);/.<.>ne precuiws - 584.25 tpd NOx and 494. ”^3 ipd V<,)C- 
s,l\' i 1 > 20i 2 invc-fHory for O/oiie precursors 32 i.27 NOx and 37 1.66 VQC. 

;k.' '■'I roi.ul:on \s bore d'O ennss'ors are spread over a wide area, such a.s consumer products, i 'replaces, road 
. -• A' t ,i nd{ c i'r'C''atK'j s Xicj-oidc vuirccs do nor inciude niobde sources orstatiouarv sources. Sec: 

Vs A t’. HU e.u\ lil.rl him 
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California has been leading the way in attempts to regulate mobile sources especial!) aicseS. 
However we still have a problem in that the sheer number of vehicles and vehicle miles trav eled 
contribute subslaniially to the Ozone problem. In my districts, for example, a large portion ot 
the population eoniinutes over 60 p!u.s miles one-way to work to jobs located w iihin the Los 
•Angeles basin. I hus otte of the best mobile source control measure.s; available in the Aiilelopc 
and Mojave Districts is to move the jobs and the people doing them closer together. I he more 
stringent controls required by a propo.sed new .standard will make it inliereitti)' nwre difficiilt to 
site new indu.stty or move e.xistiiig stationary sources to lessen vehicle miles traveled tinci the 
pollution created by those vehicles. 

.Anollier problem arising frt,im the Clean .Air .Act itself is the premi.se that all tionattainment tireas 
arc created equal. It assumes that a high concemTatio.n of a criteria polliitam is generated bv- 
sources in direct proximitv to where the measurement was taken, 1 his is not always the case. 
Once tigain I mitst stress that tninsport, both regional and international, is not addressed vcr>' 
well in the act or in its implernemation. for example, there have bectl several proposals over the 
r ears by LILA to not allow a particular area to rely on upwind reductions in showing progress 
under the Act. In a transport impacted area such as my districts the net result w oiiid be to require 
stiitigem and co,s1l\- controls in an area with little or no overall air quality bciicru. I lie proposed 
new Ozone statidards vvill. once again, not again address this fundamenutl underlying issue. 

The Clean Air Act ha.s, overall, been quite effective in reducing air pollution. However, vve have 
just begun to rcallv' reap the benefits of regulations, plans and control equipment put into place as 
a result of the I hour Ozone standard. The plans and rules needed for the current 8 hour .siandard 
are ju.sl now beginning to be implemented. Industritil .sources are ju.st now starling to in.stall new 
controls to comply with these new rules. It will take a few year.s at the rnittimum to determine 
the full extent to which these regtilation.s are ciTecliv e. Unfortunatelvv the proposed new 
standards will cliange the playing field again. I fear the. net result, at least in the .Antelope and 
Mojave Di.stricts will be to confuse the public into thinking that air pollution is becoming vvor.se. 

I also am concerned that it will make it extreme!) difficult for indu,stry to complv' with new 
provision.s so soon after upgrading to comply with the currem .standards. 

One of the things that i think vve can all agree upon is that it is the intent of the N.A .AQS to 
protect the public health. It is our duty as reasonable govcni.mental officials to do this in a co.st 
efficient mtmner by getting tltc most health protection for each dolltir spent on pollution control. 
As I mentioned before most <vf the pivpulation base in the Mojave District i.s located in ttnd 
around the cities of the Victor Valley, There are several outlying pockets of population namely 
Barstovv, Needles and Blyllic but the remainder of the district is open dtvsert with a very low 
population per square mile. If the entire 20 thousand piu.s square miles ol the .Mojave District 
beertrne.s nonauainnieiit. as I .su.spect it vvill be, the cost ol camplitince for inJustritii sources in 
those outlying aretts w ill increase substantially without a corresponding benefit to public health. 
In fact. I tear that tlrcre may be an unintended consequence in that as companv' compliance 
spending increases there will be less spending on employmem. ,As \-ou are no doubt aware 
economic opponunity and economic status often has a direct corrckition with public health. I 
fear the unintended consequence of improve air quality at the expense ol increase the health 
burden caused by the lack of economic opportunity for the residents of my dislrict.s. 
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I appreciate very much the oppoilunity to come and teslify here today. If there is any addiiioiia 
iiiformadoD iliat I can provide or aiiy questions that you feel I may be able to answer for sou I 
will be happy to do so. 
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ELDON HEASTON 
Executive Director 

Mojave Desert Air Quality Management District and 
Antelope Valley Air Quality Management District 
Victorville and Lancaster, California (Respectively) 


Eldon Heaston was appointed Executive Director of the Mojave Desert Air Quality 
Management District in March 2006. During his twenty-three years with the District. 
Heaston has worked to build and uphold its reputation as one of the most progressive 
and accessible air districts in the state. 

Prior to his appointment as Executive Director, Heaston served as the Deputy Air 
Pollution Control Officer for eleven years. In that capacity he managed the day-to-day 
operations of both air districts, including compliance, regulatory development, 
engineering, air monitoring and the small business assistance program. Prior to that, he 
was the Environmental Services Manager, whereby he was responsible for the 
development and implementation of the District's AB2588 Toxic “Hot Spots” Program, 
rule development, health risk assessment/modeling, and Federal and State 
Implementation Plan (SIP) development. 

Before joining the District, Heaston spent over eleven years in the aerospace and 
petrochemical industry where he held various positions in operations, industrial hygiene 
and environmental management, 

Heaston recently served six years as a Governor’s appointee to the state's Inspection 
and Maintenance Review Committee, which evaluated the effectiveness of California's 
Smog Check Program and recommended program improvements, 

Heaston is a founding member of the Mojave Desert Chapter of the Air & Waste 
Management Association, and a Past Chair of the West Coast Section of A&WMA. 
Heaston has also served as an adjunct faculty member for California State University, 
San Bernardino, .Mr, Heaston holds a B.S, Health Science. 
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Chairman Smith. Thank you, Mr. Heaston, and I will recognize 
myself for questions. And, Mr. Alford, let me direct my first ques- 
tion to you. 

And that is, you touched upon this in your testimony, but who 
would be hit the hardest by this proposed rule? 

Mr. Alford. Those with fewer resources. People in poverty, peo- 
ple unemployed, urban inner city areas, rural areas. You know, 
people who don’t have access to jobs, or their job may be tentative, 
or tenuous, and anything like this occurring eliminates the possi- 
bility. Jobs are the linchpin to quality of life, and to health. 

Chairman Smith. Thank you, Mr. Alford, appreciate that. 

Mr. Keating, why would small businesses in non-attainment 
areas have a particularly difficult time complying with the pro- 
posed rule? 

Mr. Keating. Yeah, think about it from a small business per- 
spective. The costs, you know, you have seen markets develop in 
some of these areas for these kind of trade-offs, and they are enor- 
mously expensive. The regulatory burdens, the paperwork, all of 
those things, when you factor that in for a small business owner, 
essentially is a stop sign. It is not even a yield sign. So, again, 
when you look at the cost of regulations, when you see how much 
more costly regulations are for small businesses versus large busi- 
nesses, you look at the — on the environmental front, where, again, 
the difference is even greater, this is a clear negative for starting 
up and expanding your business. 

Chairman Smith. Okay. Thank you, Mr. Keating. 

And, Dr. Lefohn, does this proposed rule rely primarily upon just 
one study, and if so, what are the limitations of that study? 

Dr. Lefohn. Looking at what the Administrator has placed into 
the proposal, it is clear to me that the Schlagele, et al experiment 
from 2009 is the key experiment. What Ed Schlagele did — and I de- 
signed the exposures that he used, along with Dr. Milan Hazucha 
from UNC, we designed the exposures — what Ed Schlagele did was 
expose college students to various levels of ozone. And in that ex- 
periment, he found a statistically significant effect at what I had 
designed for a 70 part per billion exposure, variable exposure, 
meaning raising and lowering the concentrations over 6.6 hours. 
He attained 72 parts per billion over the time period. The net re- 
sult is the Administrator has clearly shown and stated within the 
proposal that 72 parts per billion is the line that she is going to 
use. 

She then will superimpose on top of that line a margin of safety. 
That margin of safety, she has said, she will feel comfortable in 
getting down to 70 parts per billion, or to 65 parts per billion. But 
is the — but it is the Schlagel, et al experiment that appears to be 
driving the 

Chairman Smith. Right. 

Dr. Lefohn. — proposal. 

Chairman Smith. And isn’t it true that this experiment on which 
the rule primarily rests only had 31 participants, or is that 

Dr. Lefohn. That is correct. There were 31, but a lot of the ex- 
periments are — I think in this case there were supposed to be 32, 
but there were 

Chairman Smith. Okay. 
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Dr. Lefohn. — but there were 31 

Chairman Smith. Okay. 

Dr. Lefohn. — that were used. But the bottom line is this, is that 
those experiments are very expensive and lengthy to do. 

The experiment itself, I think that the debate concerning the 
level of the standard needs to focus on the strengths and weak- 
nesses of Ed Schlagele’s experiment, and also on the margin of 
safety to 

Chairman Smith. Okay. 

Dr. Lefohn. — some of the quantification that will go into that. 

Chairman Smith. Okay. Thank you. Dr. Lefohn. 

And, Mr. Heaston, many areas of California are not in attain- 
ment. Does the technology even exist to allow these areas to com- 
ply with the proposed rule? 

Mr. Heaston. Right now there is still substantial — what we call 
black boxes — I referenced those in my testimony, that those tech- 
nologies haven’t been developed, and 

Chairman Smith. Right. 

Mr. Heaston. — they were heavily relied on in order to meet 
their attainment 

Chairman Smith. So as a practical matter, how can people com- 
ply with the rule if the technologies don’t exist? Or is that a ques- 
tion — 

Mr. Heaston. We have — as an air district, you have to come up 
with — means. You have to either go to other categories, or reduce 
in other areas. If you can’t get it one particular area, you would 
have to move over to another category in order to do it. So someone 
else would have to — some other area of emissions in your district 
would have to be lowered to make up the difference. Everything 
has to come out, you know, to attainment. 

Chairman Smith. Okay. Thank you, Mr. Heaston. That concludes 
my questions, and the gentlewoman from Texas is recognized for 
hers. 

Ms. Johnson. Thank you very much, Mr. Chairman. Before I 
begin my questions, I have a few items I would like to submit for 
the record. Eirst I have two articles from the Center for Public In- 
tegrity, one that provides a clear overview of the problems ozone 
causes, and the history of intense lobbying that surrounds this 
issue, including the American Petroleum Institute’s efforts to con- 
vince America that trees cause as much ozone pollution as cars. 

The second article describes how the State of Texas has fought 
against strict ozone standards in tandem with industry, despite 
calls from Texans for clean air. Also, since we will likely be dis- 
cussing the costs associated with the new ozone standard, I have 
here a study sponsored by the Nature Conservancy and the Dow 
Chemical Company, which concluded that re-forestation could be a 
viable, novel approach for abating ground level ozone pollution that 
complements conventional technology-based controls. 

Additionally, I have a letter from the Environmental Defense 
Fund that highlights the sky is falling claims from industry, and 
the true cost of inaction. The cost to families, the cost to taxpayers, 
the cost to hospitals, and it goes on 

Chairman Smith. Without 
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Ms. Johnson. — affected by ozone. And finally, I have an article 
from one of our witnesses, Dr. Rice, which outlines the scientific 
evidence in support of lower ozone standards. And I ask unanimous 
consent that these items be included in the record. 

Chairman Smith. Without objection, those four items will be 
made a part of the record. 

[The information appears in Appendix II] 

Chairman Smith. And although the clock has been running, we 
won’t subtract the time you took to read those excerpts from your 
time for questions, so we will start over again, and give the Rank- 
ing Member five minutes for questions. 

Ms. Johnson. Thank you very much, Mr. Chairman, you are get- 
ting better. 

In your testimony. Dr. Rice, you state that while the rec- 
ommended standards of 60 parts per billion endorsed by the physi- 
cian community has not changed, the scientific evidence supporting 
the recommendation has significantly strengthened. You reviewed 
some of this new scientific evidence in your testimony, but can you 
please go over it one more time? How has the body of scientific evi- 
dence changed over the last seven years, and is there a particular 
set of studies or results that have significantly advanced our under- 
standing of the impacts of ozone on public health? 

Dr. Rice. Certainly, Congresswoman, thank you. So nearly ten 
years ago, in 2006, the American Thoracic Society recommended a 
60 part per billion standard, as you discussed, and that was based 
on the evidence available at that time. And since that time, we 
have been able to study the effects of ozone, both in the U.S. and 
in Europe, as ozone levels have continued to decline, thanks to the 
successes of the Clean Air Act that we have already realized. And 
that has allowed us to study — to have a larger number of studies 
where ozone levels are lower, with many studies where ozone levels 
average in the ranges of 30s, 40s, 50s, and 60s. And I would say, 
as a scientist, I look for consistency among multiple studies before 
I begin to conclude that a particular exposure is associated with a 
particular health effect. And this has really been the case with re- 
search on ozone, because there has been remarkable consistency, 
both from the evidence that was available in 2006, and the addi- 
tional evidence that has accumulated over the last 8 to 9 years. 

You asked whether there are particular sets of studies that I 
would highlight, and I would say that there are now more sophisti- 
cated studies that examine the effects of multiple pollutants, not 
just one pollutant at a time, to try to disentangle the effects of the 
different pollutants, because some of them share the same sources. 
And the studies have generally found that the effect of ozone is 
independent of other pollutants, that it is not the same health ef- 
fect as, for example, particulate matter. And there are also now a 
significantly larger number of studies looking at health effects in 
children, and particularly respiratory infection in very young chil- 
dren. That evidence has significantly strengthened over the last 8 
to nine years. And perhaps a third set of studies I would emphasize 
is the body of evidence surrounding the association between ozone 
exposure and mortality. That association is very robust, whether 
you look here in the United States, you look in Europe, you look 
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in South America. Combining the results of multiple studies, that 
association is seen over and over again. 

Ms. Johnson. Thank you. I know that some of your research has 
focused on the health implications of climate change. It is my un- 
derstanding that, while EPA projections show that ozone levels will 
continue to decline, over the next decade especially, if standards 
such as the one we are discussing today are implement, the re- 
search also indicates that temperature changes associated with cli- 
mate change have the potential to offset improvements in ozone air 
quality. Can you please comment on this, and the health implica- 
tions of climate change, especially changes in ozone? 

Dr. Rice. Certainly. Ozone is a secondary pollutant, and it is 
formed as a result of chemical reactions between nitrogen oxides, 
volatile organic compounds, and those reactions are promoted in 
the presence of higher temperatures and sunlight. And so one of 
the major health consequences of high temperature events is also 
high ozone events, and that is actually what experience has shown, 
as we have seen a number of heat waves in the last decade. When 
those heat waves have happened, ozone levels have reached dan- 
gerously high levels. And because of that, we have seen higher 
rates of admissions for respiratory disease, and higher mortality. 
That has gotten, certainly, a lot of attention in the press during 
these high temperature events, heat waves. 

And when scientists have gone back to try to determine what the 
causes of those increases in mortality have been, they found that 
some of the increased death is due to the temperature itself, but 
some of that higher death is due to the higher ozone levels that ac- 
company the higher temperatures. So that is just all the more rea- 
son, with the change in climate, that we need an ozone standard 
that is protective. 

Ms. Johnson. Thank you very much. Mr. Chairman, my time 
has 

Chairman Smith. Okay. Thank you, Ms. Johnson. The gentleman 
from Florida, Mr. Posey, is recognized for his questions. 

Mr. Posey. Thank you, Mr. Chairman. Everybody wants clean 
air and clean water. And I really love the quote of Mr. Alford, with 
the National Black Chamber of Commerce and its members, when 
he said they value and support clean air, clean water, and environ- 
mental quality. We also value and support economic growth, job 
creation, and prosperity for our individual members, and this coun- 
try as a whole. These are not mutually exclusive goals. We hope 
EPA will hear the concerns of our organization and others, and so 
on. 

Very well said, and, you know, what the EPA is proposing at this 
point can harm not only businesses that we have talked about 
today, we have heard a lot about the businesses it would harm, but 
it could particularly harm seniors. And not just seniors in my dis- 
trict, but seniors across the nation with higher heating bills, higher 
utility bills, higher pharmaceutical bills, and on, and on, and on. 

And so, essentially, whether we want to say it in such frank 
words or not, but they are proposing a hidden tax on consumers, 
because somebody has got to pay for all this stuff, and it is going 
to be the consumer that does that. And you all seem like well-in- 
formed witnesses, and I appreciate all of you appearing here today. 
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I would just like to ask each one of you your opinion of how much 
you think the proposed regulations are going to cost the average 
American family. Let us start with Mr. Alford, and go from left to 
right. 

Mr. Alford. I think it is going to be a tremendous amount. I 
think it is going to cause loss of jobs. I think it is going to cause 
loss of homes. I think it is going to cause education being denied, 
and good health being paid for. I think it is serious. 

Mr. Posey. Okay. 

Mr. Alford. I hope I answered it. 

Mr. Posey. Thank you. 

Mr. Keating. I think it is significant. The — when you talk about 
the link between wealth creation, and a better environment, and 
improved health, that is absolute. We see that across nations. And 
it is also critical to understand that increased regulation his pro- 
ductivity the most. There is a clear negative impact on produc- 
tivity. Study — and study after study shows that. And guess what, 
productivity is linked to income. So if we want to have not only job 
creation, but higher incomes, this is not the way to go. It is a clear 
negative. 

Dr. Rice. We are already paying for the cost of ozone pollution, 
and lowering the standard will benefit the health of many Ameri- 
cans. So just to take the example of where the evidence is most ro- 
bust that ozone contributes to asthma exacerbations — so take just 
one asthma exacerbation. You have the cost of a doctor’s visit, you 
have the cost of the medications that the doctor prescribes to treat 
that asthma exacerbation. You may have the cost of an emergency 
room visit, if the patient’s asthma cannot be controlled with medi- 
cations. You might have the cost of a hospitalization. 

Mr. Posey. You think these costs are consistent with the up- 
graded requirement, then? 

Dr. Rice. I am saying that the 

Mr. Posey. My question is how much do you think the cost will 
be to the average family if this policy is implemented? 

Dr. Rice. I am a physician. I am not an expert on the 

Mr. Posey. Then just say I don’t know. That is allowable here. 

Dr. Rice. — but there are costs that are equally important that 
are not being discussed, and those are the human health costs. 

Mr. Posey. Right. That wasn’t the question. I would appreciate 
it if you would answer my question, if you can. 

Dr. Lefohn. Thank you very much for the question. In my par- 
ticular case, I am a scientist, and so therefore I am not an econo- 
mist, who understands the cost and the benefit. However, when 
background ozone contributes major, major role — plays a major role 
in the total observed concentration, the implication is it is going to 
take a lot of cost, a lot of reduction effort, to attain whatever level 
of the standard you are trying to get to. And the point being this, 
is that the red and the blue — the red, white, and blue figure I 
showed earlier, with the mostly blue, with a little bit of red, that 
little bit of red is going to be very costly to get rid of in some of 
those areas. 

So, therefore, even if people say it doesn’t matter what back- 
ground is that it is the total observed concentration that is impor- 
tant. It is the relative contribution of background that will deter- 
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mine the amount of effort and the amount of cost associated with 
that reduction. Thank you. 

Mr. Posey. Okay. 

Mr. Heaston. I would say that of course the cost is going to 
show up in the price of goods and services. Anytime regulations go 
into effect, there is an ancillary cost to that, and so I wouldn’t be 
able to give a number, because that is way out of my field, but cer- 
tainly it is going to cost the consumers more. 

Mr. Posey. Thank you, Mr. Chairman. 

Chairman Smith. Thank you, Mr. Posey. The gentlewoman from 
Oregon, Ms. Bonamici, is recognized for her questions. 

Ms. Bonamici. Thank you very much, Mr. Chairman, and thank 
you to the panel for this very important discussion. I want to start 
by asking for unanimous consent to enter into the record a letter 
from more than 1,000 physicians, nurses, respiratory therapists, 
and public health professionals regarding ozone, and the impor- 
tance of a protective National Ambient Air Quality Standard. 

Chairman Smith. Okay. Without objection, made a part of the 
record. 

[The information appears in Appendix II] 

Ms. Bonamici. Thank you, Mr. Chairman. Everyone on this Com- 
mittee agrees that we need clean air, and everyone should agree 
that we have seen some great improvements in air quality since 
the passage of the Clean Air Act. And the improvements can be at- 
tributed in part to the requirement that the EPA determine air 
quality standards based on the levels requisite to protect public 
health, rather than by cost or ease of implementation. Now, that 
in no way means that those of us who support that determination 
do not care about businesses or jobs. Of course we do. But the 
Clean Air Act requires the EPA to set the standard for ozone at 
a level that will protect public health with an adequate margin of 
safety. 

Now, it seems obvious — for example. Dr. Rice, you are a medical 
doctor. You don’t make your medical diagnosis contingent on the 
cost of treatment. You don’t say to your patient, this is what you 
can afford, so this is what I am going to diagnose. So can you just 
talk briefly about the importance of making that determination of 
what it takes to protect public health in a way that is disconnected 
from the cost associated? And I do want to save time for another 
question. Thank you. 

Dr. Rice. Thank you. Congresswoman. Yes, the EPA is obligated 
to set the standard based on a level that is considered to be ade- 
quately protecting public health, with an adequate margin of safe- 
ty, and costs are not supposed to factor into this decision. And I 
think patient care is a very good analogy, and that is what I am 
familiar with, and an analogy I would give is if I am making a di- 
agnosis. So, for example, if a patient is in the ICU, I might diag- 
nose them with pneumonia due to a bacterial infection. My diag- 
nosis is not contingent on the costs and the details of the treat- 
ment. 

And, similarly, I think, with respect to the science on ozone pol- 
lution, that is the stage that the medical and scientific community 
is at right now. We have made a diagnosis. It is clear, and I would 
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say indisputable, that ozone is harmful to human health. And that 

is 

Ms. Bonamici. Thank you, Dr. Rice. And I know, since the pas- 
sage of the Clean Air Act, there have been technological improve- 
ments, a lot of steps that have been taken by states and by indus- 
try to meet those standards. Dr. Rice, I understand that ERA and 
others have estimated the benefits by achieving a lower ozone 
standard, and specifically — and I want to ask you to follow up on 
your response to Mr. Posey’s question. 

Specifically, the EPA has estimated that an ozone standard of 65 
parts per billion would generate an estimated 19 to $38 billion 
worth of benefits, including a range of areas from the number of 
premature deaths avoided, to the number of asthma attacks that 
can be prevented in children. And we talked about, you know, some 
of the other witnesses talked about how this would impact jobs and 
small businesses, but people can’t go to work if they are sick or 
hospitalized. So can you describe some of the other benefits that 
the EPA and others have estimated from an ozone standard — let us 
just take the range of 65 to 70 parts per billion. What are some 
of the savings in costs 

Dr. Rice. Certainly. So the EPA has taken into account, as you 
said, the savings from avoided premature mortality, the savings 
from avoided asthma admissions. There are also financial benefits 
that the EPA and others have taken into account in their analyses, 
looking at the medication use associated with asthma exacer- 
bations and respiratory illness. Avoided missed school days in chil- 
dren, avoided work days in adults who have respiratory disease, 
adult use for medication for asthma, and other exacerbations. 

In addition to the EPA analysis, there is a different kind of anal- 
ysis that was done and published in 2012 that looked at the dif- 
ference between full attainment of a 65 part per billion and a 75 
part per billion ozone standard, and found sizeable differences in 
mortality benefits, acute respiratory symptoms, and also millions of 
lost school days in children. 

Ms. Bonamici. Thank you. And I have just a few more seconds. 
I want to ask Mr. Heaston, I hope I pronounced your name cor- 
rectly — it is my understanding that the EPA is planning to revise 
its exceptional event rule, which is a tool to handle events like 
wildfires and ozone intrusions, stratosphere ozone intrusions. What 
recommendations would you have for EPA on revising that rule? 

Mr. Heaston. Well, we would certainly want to encourage it, 
as — at — ^because there are different ways that — like, meteorology 
plays a part in whether you could have a day — you could, you 
know, you can just have bad meteorology that causes you to have 
an exceedance that exacerbates the issue, and there may not be 
any control for that. And those kinds of things would be important. 
Obviously wildfires can also have an effect on that. They have al- 
ready started to work in that area cooperatively to address it, espe- 
cially — PM is another area where we are already working to do 
that. 

Ms. Bonamici. Thank you so much. My time has expired. I yield 
back. Thank you, Mr. Chairman. 

Chairman Smith. Thank you, Ms. Bonamici. The gentleman from 
Oklahoma, Mr. Bridenstine, is recognized for his questions. 



68 


Mr. Bridenstine. Thank you, Mr. Chairman. The new proposed 
National Ambient Air Quality Standards for ozone, which would 
lower the allowable level to — the ground level ozone to 65 parts per 
billion will cost the American economy $1.7 trillion — I think, Mr. 
Alford, you mentioned that — $1.7 trillion from 2017 to 2040, ac- 
cording to a recent report from NERA Economic Consulting. With 
unanimous consent, Mr. Chairman, I would like to enter this report 
into the record. 

Chairman Smith. Without objection, that will be made a part of 
the record. 

[The information appears in Appendix II] 

Mr. Bridenstine. So that is $1.7 trillion is what it will cost the 
GDP from 2017 to 2040, according to this NERA Economic Con- 
sulting report. I would also ask unanimous consent to place into 
the record a statement from the American Chemistry Council, and 
a letter to EPA Administrator McCarthy signed by 11 governors, 
including my own governor, Mary Fallin from Oklahoma. 

Chairman Smith. Without objection. 

[The information appears in Appendix II] 

Mr. Bridenstine. So in Oklahoma — my entire state of Oklahoma 
is within attainment, and we are very proud of that. And I would 
also tell you that even though we are in attainment, we are reduc- 
ing ozone levels as we speak. The mayor of Tulsa, Dewey Bartlett, 
has been working on this and his administration. Our county com- 
missioners have been working on this, with their administrations. 

This is important to us, because in Tulsa, Oklahoma, we love our 
city. We — the suburbs, we all want to see our region, and want to 
see the State of Oklahoma do well. I can tell you Governor Mary 
Fallin is committed to this. This is a big deal for all of us from 
Oklahoma. I would also say we are in attainment. This is not 
something where we need, you know, bureaucrats from Wash- 
ington, D.C., coming into the State of Oklahoma to tell us that we 
need cleaner air, because guess what, we want cleaner air, and we 
are working towards that without the bureaucrats in Washington, 
D.C., telling us how to do it. 

I do have some questions, just out of curiosity, from some of the 
stuff I have heard and the testimony, for Dr. Rice. As you know, 
we are working to decrease ozone in Oklahoma. Nationally has 
ozone been decreasing or increasing since 1980? 

Dr. Rice. So nationally ozone has been overall decreasing. There 
have been some ups and downs, because, as I mentioned before, cli- 
mate also plays in a role in affecting ozone levels, and that might 
be part of the reason for some of the variability. 

Mr. Bridenstine. So have the asthma rates been increasing or 
decreasing? 

Dr. Rice. So asthma rates have been increasing. 

Mr. Bridenstine. So ozone has been decreasing, and asthma 
rates have been increasing? 

Dr. Rice. That is right. 

Mr. Bridenstine. Do you have an explanation for that? 

Dr. Rice. The question of asthma prevalence rising is a separate 
question. That has to do with what causes asthma. There is no 
overall conclusion from the scientific literature that ozone is a 
cause of asthma and makes asthma worse. 
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Mr. Bridenstine. So, clearly there is no correlation between 
ozone increasing and higher rates of asthma? 

Dr. Rice. So you are, again, talking about the prevalence of asth- 
ma, how many people have asthma, b^ut the issue of asthma exacer- 
bations is a separate issue, and ozone has been found to exacerbate 
asthma. And asthma exacerbations, when you correct it for the 
number of people who have asthma, that is — to my knowledge has 
not been changing. 

Mr. Bridenstine. So ozone is an outdoor air pollutant. Most peo- 
ple spend more time indoors, and rarely are exposed to significant 
levels of ozone. What is the role of indoor sources for the increase 
of asthma incidences? Like the indoor sources for the increase of 
asthma. 

Dr. Rice. So, again, you are talking about the increased incidents 
of asthma, which is not related to ozone. And I am not sure I agree 
with your statement that people don’t have significant outdoor ex- 
posures. I think especially children, who spend time outdoors play- 
ing, have — spend a large part of their day outdoors, and they 
should. 

Mr. Bridenstine. Are there indoor sources that create more 
asthma problems? 

Dr. Rice. Of ozone? 

Mr. Bridenstine. No, are there indoor — like — when — I am talk- 
ing about the correlation. So are there indoor exposures to things 
that create more asthma problems, or that exacerbate the asthma 
that people already have? 

Dr. Rice. Absolutely. There is very large literature on that as 
well. There are a number of things that have been identified that 
make asthma worse. One of them is indoor allergens, so allergic 
people tend to be more sensitive to things that they are allergic to, 
and that can make their asthma worse. So if they are allergic to 
mice or cockroaches, for example, that has been found to exacer- 
bate asthma. That is just one example of an indoor exposure. 

Mr. Bridenstine. Data shows that hospital admissions for asth- 
ma are actually higher in the winter, when ozone concentration 
levels are typically at their lowest. Can you explain that? 

Dr. Rice. So, as I mentioned, there is a lot of different exposures 
that contribute to asthma, and ozone is just one of those exposures. 
It is complicated. 

Mr. Bridenstine. In your written testimony, you have a figure 
entitled “Exposure Response Curve for the Relation Between Expo- 
sure to Ozone and the Risk of Death from Respiratory Causes”. The 
X axis — in terms of the daily one hour maximum, the X axis, is a 
daily 1 hour maximum ozone level. Are you basing your rec- 
ommendation for the sixty parts per billion with the one hour or 
the eight hour maximum ozone level, which is what the EPA uses? 

Dr. Rice. I am not basing my recommendation of either of those 
things — have to do with how the exposure interval is defined for 
setting the standard. I am basing my recommendation on the over- 
all collected data, looking at ozone measured in different ways, 
looking at different exposure intervals, whether it is one day aver- 
ages, one year averages, six hour exposures, as you discussed, or 
one hour exposure 

Mr. Bridenstine. If it is based 
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Dr. Rice. — overall 

Mr. Bridenstine. If it is based on the eight hour standard, as 
the EPA’s standard, this means that your recommendation — if your 
X axis is a one hour standard, that means your recommendation 
would actually be below sixty parts per billion, is that correct? 

Dr. Rice. I am not sure I understand your question. 

Mr. Bridenstine. So the EPA uses an eight hour standard, you 
are using a one hour standard. If you expand it to an eight hour 
standard, you could actually go higher than sixty. But you are 
using a one hour standard, and saying sixty, which means your ex- 
posure would actually be, for an eight hour standard, even lower 
than the sixty parts per billion? 

Dr. Rice. So that particular study — first of all, as I said, I am 
not recommending a standard based on any particular average. 
That decision is made by others. I am talking about ozone expo- 
sures and health effects. And I think what you are referring to is 
that if you just pick one hour, you could have a spike in ozone. If 
you pick eight hours, that eight hour average could he lower, is 
that what you are saying, than what that one hour spike 

Mr. Bridenstine. I saw — Dr. Lefohn, you smiled there. Did you 
have something to add? 

Dr. Lefohn. Mayhe I shouldn’t smile. If, in fact, the sity parts 
per billion was referring to that particular figure, and I am not 
sure that that was the case 

Mr. Bridenstine. The one hour standard? 

Dr. Lefohn. The one hour daily max that was used in the time 
series, then the eight hour timeframe would be a lower concentra- 
tion, which I think is what you are saying. If, in fact. Dr. Rice is 
saying there is a whole group of experiments that she is looking 
at, and she was giving the example of the Jarrett results, then I 
would question the use of that one particular study because it was 
a 1 hour daily max. But if she says there are lots of others, that 
is fine. 

Mr. Bridenstine. And I would just like to finish, Mr. Chairman, 
again, the State of Oklahoma is working very hard to reduce ozone, 
and we are doing it even though we are already in attainment. And 
I think that is an important point that everybody here needs to rec- 
ognize. 

Chairman Smith. Thank you, Mr. Bridenstine. The gentleman 
from Texas, Mr. Weher, is recognized. 

Mr. Weber. Thank you, Mr. Chairman. 

Dr. Rice, if you had a magic wand, and you could just wave that 
rascal, no costs, no problems, what level would you like ozone to 
be at? 

Dr. Rice. That is a very good question. Congressman. The evi- 
dence around — I think what you are asking me is what about the 
health effects in ozone levels below 60, and how far down do we 
go? There is some evidence of health effects below a level of 60 
parts per billion, so if I had that magic wand, if I could have every- 
thing I, you know, if there were — I would love to be able to just 
take ozone out of the picture altogether, but that is not possible. 
And there is no — the evidence surrounding health effects below a 
level of 60 parts per billion is not strong. 
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Mr. Weber. Thank you for that. And, Mr. Chairman, I forgot 
that I have a health study I want submitted in the committee 
record. It is from the “Journal of Allergy and Clinical Immunology”, 
into the record, if that is possible? 

Chairman Smith. Without objection. 

[The information appears in Appendix II] 

Mr. Weber. Thank you. So you think there are health effects 
lower than 60. How often do you think it ought — that level should 
be reviewed? 

Dr. Rice. So as I said, the evidence of health effects below a level 
of 60 parts per billion are not strong, so I don’t feel comfortable 
stating that — definitely health effects below a level of 60 parts per 
billion, based on the evidence. 

Mr. Weber. Do you believe that science — that the data behind 
that should be made open to the public? 

Dr. Rice. That data is open to the public. 

Mr. Weber. Okay. You are a medical doctor is 

Dr. Rice. Um-hum. 

Mr. Weber. — is that right? You understand lung disease. Your 
specialty is 

Dr. Rice. Pulmonary and critical care medicine. 

Mr. Weber. Pulmonary and critical care medicine? 

Dr. Rice. Um-hum. 

Mr. Weber. Dr. Lefohn, you are a scientist, you said. You 

Dr. Lefohn. I am, sir. 

Mr. Weber. You am, sir. You did research, and you named a 
whole bunch of people in your statement. Can you go back over 
those groups again who you did studies for? 

Mr. Weber. Yes. I designed, with Dr. Milan Hazucha, the 
Schlagele exposures that were used. 

Mr. Weber. Okay, but you named a whole bunch of groups, 
tribes and government 

Dr. Lefohn. I am sorry. 

Mr. Weber. Yeah. 

Dr. Lefohn. That — those are the groups that I have done re- 
search — 

Mr. Weber. You have done research for? So you are a scientist — 
you are a research scientist. Okay. Can you name those groups 
very quickly? I am getting 

Dr. Lefohn. You bet. 

Mr. Weber. — before I run low on time. 

Dr. Lefohn. Yes. Okay. I have done — I have assisted the Amer- 
ican Lung Association with the State of Air report that, every 
year 

Mr. Weber. Just the group. 

Dr. Lefohn. Okay. The Forest County Potawatomi Group in Wis- 
consin, the U.S. Forest Service, U.S. EPA, Congress, with the Of- 
fice of Technology Assistance, the White House, dealing with the 
National Acid 

Mr. Weber. Okay. 

Dr. Lefohn. — Precipation. 

Mr. Weber. That is plenty. Thank you for that. So you are a re- 
search scientist, you probably don’t know many things about lungs. 



72 


and — what did you call that, Doctor? What kind of diseases? Pul- 
monary — 

Dr. Rice. And critical care 

Mr. Weber. Critical care. As a research scientist, Dr. Lefohn, you 
probably don’t know much about that. 

Dr. Lefohn. I do. 

Mr. Weber. You do? 

Dr. Lefohn. I do. 

Mr. Weber. So you have been studying that too? 

Dr. Lefohn. I have. 

Mr. Weber. Good for you. You need to get a TV maybe to use 
in your spare time. Dr. Rice, you heard Dr. Lefohn’s research stats, 
that naturally occurring ozone, as I understood the figures, is 
somewhere between 40, 50 percent background ozone in some of 
these areas, which makes up the numbers that we are looking at. 
Is that accurate. Dr. Lefohn? 

Dr. Lefohn. In some cases, it is 80 to 90 percent. 

Mr. Weber. Well, I wasn’t going to go that high, but just to say 
as a general rule it is 40 to 50 percent. So you are aware of that. 
Dr. Rice? You are also aware, as the gentleman from Oklahoma 
said, that ozone is going down, but asthma is going up, and you 
don’t know what causes asthma? 

Dr. Rice. You asked me a number of different questions, and I 
will try to address 

Mr. Weber. Well, you are aware of his 

Dr. Rice. So 

Mr. Weber. — statistics, I take it? 

Dr. Rice. I am aware 

Mr. Weber. Okay. 

Dr. Rice. — of his studies 

Mr. Weber. And you 

Dr. Rice. — and I am aware of other studies that have given 
other projections of the 

Mr. Weber. Okay. 

Dr. Rice. — amount of background ozone. Let me finish, please, 
and try to answer your question. 

Mr. Weber. My only question was are you aware? 

Dr. Rice. All right. 

Mr. Weber. Thank you. So you know that ozone is down, asthma 
has not gone down. Would you agree that if there are more strin- 
gent controls put on business, that is going to drive the price up. 
Dr. Rice, of doing that business? 

Dr. Rice. I am a physician. That is not what I am here to talk 
about. I am here 

Mr. Weber. Okay. But if they have to add technology to decrease 
ozone, it is going to cost something? 

Dr. Rice. Um-hum. You also mentioned that — I just wanted 
to 

Mr. Weber. Is that 

Dr. Rice. — clarify for the record that you said asthma is going 
up. Again, ozone has nothing to 

Mr. Weber. No, I got that. 

Dr. Rice. My testimony has nothing to do with the asthma prev- 
alence. 
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Mr. Weber. But here is what I am driving to. So we don’t know 
cause and effect. We do know there is a lot of natural occurring 
background ozone. It is going to drive the cost up. Stringent regula- 
tions are going to drive the cost up. And as Mr. Alford said in his 
remarks, and I happen to agree with him, it is going to cost billions 
of dollars, lost jobs. That is going to cost money to consumers who 
cannot afford health care, and so their level of health care is going 
to go down as a result of this, and we really don’t know that it is 
going to have a positive effect on asthma. 

Dr. Rice. Congressman, I respectfully disagree that we don’t 
know cause and effect. I think the evidence is very clear that ozone 
exacerbates asthma. 

Mr. Weber. I said cause, I didn’t say — cigarette smoking does 
too. Are you on a kick to do away with cigarettes? 

Dr. Rice. That is a different issue. 

Mr. Weber. Okay. I am just blowing smoke, aren’t I? Okay. I got 
it. Mr. Chairman 

Dr. Rice. What do you think I advise my patients 

Mr. Weber. Okay. I yield back. 

Chairman Smith. Thank you, Mr. Weber. The gentleman from 
Texas, Mr. Babin, is recognized. 

Mr. Babin. Thank you, Mr. Chairman. I believe that we have a 
duty to be responsible stewards of our environment, and I think 
that is reflected in the tremendous strides we have made with air 
quality over the last few decades. I can remember back in the ’60s 
and ’70s, as an avid outdoorsman, some of the pollutants that we 
have had in our water and our air, and we have made tremendous 
strides in that regard. However, there is no concrete evidence to 
support a lower standard for ozone before we have even complied 
with the last standard. If anything more research needs to be done. 
Based on this, it makes no sense that the Environmental Protec- 
tion Agency is proposing one of the most costly regulations in U.S. 
history on a very limited set of studies. The EPA should not be 
rushing to issue this new standard. 

Now I want to draw attention to a slide, and talk a little bit 
about my district, and how this is going to impact us. As you see 
up here, I have Texas 36 District, and we have the notoriety, or 
the fortune — the good fortune to — I should say to have more chem- 
ical and refining plants in our District 36 than any other district 
in the United States. We have the second largest manufacturing in- 
dustry in the state, the chemical industry, $164.6 billion. We di- 
rectly employ 9,393 individuals in District 36 alone. We pay out 
$934 million in wages in the district. We have an average wage of 
$99,386 in the state. This is 94 percent higher than the state aver- 
age in Texas. We generate $94 million in federal taxes. We invest 
$4,982 billion to build and update equipment and facilities in the 
State of Texas. 47 billion in industry products are shipped to global 
customers from the State of Texas. This generates an additional 
1,224 jobs in the plastics and rubber products industry. 

Is it worth, and I am asking all of you panelists, and I appreciate 
all of you being here, whichever side of this issue you are on, is 
this worth putting all of this at risk, just in District 36 alone, not 
counting the rest of the nation, all of these jobs, all of these Indus- 
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tries, and the overall economy of our nation, is it worth it? I would 
just like to say — to ask each one of you panelists that question. 

Mr. Alford. No, it isn’t. Congressman. Senator Barbra Mikulski 
told us in a meeting about NAAQS back around 2000, 2001, she 
said, I am looking at this NAAQS situation four ways, is it sound 
science, the economic impact, which you just explained up there, is 
it measurable and achievable, and for national security? And I 
think this move to lower NAAQS further flunks all four of these 
categories. 

Mr. Babin. I appreciate that answer. We produce about 63 per- 
cent of all strategic aviation fuels in this area alone. 

Mr. Alford. Looks like a nice place to live. 

Mr. Babin. It is. Lots of jobs. Mr. Keating? 

Mr. Keating. No, it is not worth it. It makes no sense, when you 
look at — your district is a prime example of the good things that 
are going on in an otherwise very tough economy. Why would we 
want to put that in jeopardy? When you look at, again, the in- 
creased cost of regulations, the negatives for growth, for produc- 
tivity, for investment. Study after study shows this. You talk about 
exports. That is a wonderful thing. Wouldn’t we want to boost our 
exports, rather than exporting more jobs and businesses? So no, it 
is not worth it. 

Mr. Babin. Doctor? 

Dr. Rice. Thank you. Congressman. First, I would argue that the 
question of whether it is worth it shouldn’t be factoring into the de- 
cision of what a safe standard is for the American public. And the 
evidence has shown that the current levels are not protective of 
public health, and that a level of 60, or in that range, is more pro- 
tective of public health. So, setting the implementation details 
aside, the second point I would like to make is that when we look 
at history, we look at the Clean Air Act, and a number of people 
in this room have commented on the success of the Clean Air Act 
over the last 10 to 15 years, and there have been a number of eco- 
nomic analyses of the benefits of the Clean Air Act, and those have 
concluded that the Clean Air Act may be one of the best financial 
decisions our government has ever made. 

Mr. Babin. Yes, sir? 

Dr. Lefohn. Yes. Let me be clear, our results for background 
ozone that our international team published in late 2013 agrees 
with EPA’s policy assessment numbers that it published in 2014. 
There is no disagreement. Background is very important. Those 
dots I showed in that figure were from EPA’s own analysis. The 
bottom line is as follows. We have made great advances in reducing 
ozone. The problem we are now getting into is that background 
itself is beginning to rear its head. We are going lower and lower 
and lower, and we are at that level — and let me explain. 

What EPA did was they ran a model, and they ran their model — 
and this is, let us say, the concentrations of ozone. Low end, high 
end. As you reduce emissions, you would assume that the high end 
goes down toward the low end, and the low end stays constant. 
What, in fact, happened, and impacted in a dramatic way the epi- 
demiological risk assessment, was that the high end came down, 
and the low end came up, and they met in the middle. In the mid- 
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die was where most of the risk was associated with, which is pre- 
dominated by background ozone. 

Mr. Babin. Thank you. Mr. Heaston? 

Mr. Heaston. I would say that the new NAAQS is not necessary 
because the government needs an opportunity to just do a good job 
on what we have got in front of us, and let us just work on doing 
that from a common sense approach. Let us try to meet the 2008 
standard, and leave this other one for after, because what I see is 
negligible gain to the actual health benefit when maybe a job might 
be a better control measure than anything I can put in place to try 
to meet an ambient standard. 

Mr. Babin. Well stated. Thank you all very much, I appreciate 
it. 

Chairman Smith. Thank you. Dr. Babin. 

Mr. Babin. Thank you, Mr. Chairman. 

Mr. Babin. And, Dr. Lefohn, let us just say that is the first time 
I have ever seen a Slinky used for that purpose, but it is good. 

Chairman Smith. I am glad people recognized it. 

Chairman Smith. The gentleman from Michigan, Mr. Moolenaar, 
is recognized for his questions. 

Mr. Moolenaar. Thank you, Mr. Chairman, and I would like to 
ask unanimous consent to submit for the record a letter from 
Michigan Governor Rick Snyder, as well as a technical submittal 
from Dan Wyant, the Director of the Michigan Department of Envi- 
ronmental Quality, that was sent to President Obama on February 
26. 

Chairman Smith. Without objection. 

[The information appears in Appendix II] 

Mr. Moolenaar. Thank you, Mr. Chairman. In this letter, and 
I guess, Mr. Alford, I would like to address this to you, if that is 
okay. Governor Snyder states that more stringent standards could 
thwart growth and business investment. And, obviously, we want 
to be good stewards of our environment in Michigan, but the Na- 
tional Association of Manufacturers estimates the proposal before 
us would cost approximately 20,000 jobs a year. And I just wanted 
to get your perspective on this effect, possibly on Michigan, and 
what these more stringent ozone standards — how that might en- 
courage or discourage economic growth? Because some people are 
arguing that that would actually encourage economic growth. 

Mr. Alford. I lived in Detroit five years back in the late ’70s, 
early ’80s, met my wife in Detroit. It would have a profound effect, 
once again — and Detroit, you keep waiting for it to hit bottom, well, 
there is going to be a new bottom caused by that. There is so much 
opportunity to bring — people have the skills in Michigan. There is 
so much opportunity to bring new business, because the people al- 
ready there are prepared. 

Mr. Moolenaar. Sure. 

Mr. Alford. But — this way, with these standards, would be a 
shame. 

Mr. Moolenaar. Okay. Thank you. Mr. Keating? 

Mr. Keating. Yeah, I would just like to note real quick that we 
do an index each year where we rank the states according to their 
policy climates, and Michigan has improved rather dramatically, 
and kudos to the state, but this is an instance where you would 
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have the federal government working against what you have been 
doing on the state level to improve the environment, so it clearly 
would be a negative, I would say. 

Mr. Moolenaar. Okay. Thank you. And, Mr. Heaston, I would 
like to ask your thoughts on this. The background ozone levels — 
our experts in our state have noted that lowering the standard 
below the 75 parts per billion would make this compliance very dif- 
ficult, almost impossible, for a state like Michigan, just due to 
background ozone levels. Can you comment on either in particular 
with Michigan, or with other states who have a strong manufac- 
turing base what this might mean, in terms of how they could com- 
ply? 

Mr. Heaston. Well, I think that mainly the areas that may come 
under it as a result of the new NAAQS, the new non-attainment 
areas, you are going to find that a lot of them are going to be trans- 
port impacted from maybe some other parts, and also from the non- 
anthropogenic emissions. So I think that we are going to have to 
determine what is a number that you can live with, if ambience 
ozone levels are higher? And I think, like, in our district, the 60 
ppb is probably very close. I have no way to come into attainment 
without South Coast making dramatic and draconian type cuts in 
the L.A. basin. And so I mean, when you are a rural area, or where 
the population density is down, and you have nothing to control, 
I don’t know how you get there. 

Mr. Moolenaar. Thank you. Anyone else like to comment on 
that? I guess the main question I am asking here is, if we would 
agree that it is — the 75 parts per billion, it hasn’t even truly gone 
into effect, and, you know, measurable ways of examining how that 
is affecting states, I guess the question is, you know, what are the 
consequences for setting a standard that isn’t really a real world 
achievable standard for states who are trying to comply with this 
across the board? 

Dr. Rice. Congressman, I would like to discuss that 

Mr. Moolenaar. Sure. 

Dr. Rice. — issue. So, back in 2006, when the Bush Administra- 
tion asked the Clean Air Scientific Advisory Committee to review 
the evidence, and to develop a recommendation for what an appro- 
priate standard would be, the committee recommended a range of 
60 to 70 parts per billion then, and that was almost ten years ago. 
So, yes, we are dealing with the implementation of a standard that 
was established then, but the evidence that was available even at 
that time was in favor of — was consistent with health effects in the 
60 to 75 parts per billion range. 

So I guess the point I am trying to make is there is nothing 
magic about the 75 parts per billion standard. Even when it was 
established, the scientific community did not feel that it adequately 
protect public health. And in terms of looking at health effects, and 
analyzing whether this standard is appropriate, one of the advan- 
tages of the research that I do, looking at what we call observa- 
tional data, so things that have happened, so looking at historical 
air pollution data and health outcomes, we have a breadth of ozone 
concentrations even within just the city of Boston, where I do most 
of my research, but across the country we have a wide range, and 
day to day ranges. So that allows us to look at health effects well 
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below the 75 parts per billion. And we already have plenty of evi- 
dence to support that the health effects are serious 

Mr. Moolenaar. Now, I guess 

Dr. Rice. — that range. 

Mr. Moolenaar. Just, Mr. Chairman, if I may follow up? 

Chairman Smith. Yes, Mr. Moolenaar. 

Mr. Moolenaar. When you use terms like the scientific commu- 
nity, or when you say plenty of evidence, my sense is there are 
probably scientists, in fact even some here with us today, that 
wouldn’t agree with your conclusions, and would say that the evi- 
dence is inconclusive. Would you acknowledge that? 

Dr. Rice. Certainly. 

Mr. Moolenaar. Okay. So 

Dr. Rice. So when I am talking about the scientific community, 
I can give you some examples 

Mr. Moolenaar. Right. Well, no, I know, but I bet there are ex- 
amples in the scientific community that would not support your 
premise, and — but let me just — ^because I know, Mr. Chairman, you 
are trying to conduct this hearing, and get everybody involved, I 
appreciate all of you appearing. I am very concerned if we change 
the standard at this point, because I don’t believe the scientific 
community is unanimous on this, and I do think that the con- 
sequences of putting states in non-attainment, and the chilling ef- 
fect on the economy is not appropriate at this time. 

Chairman Smith. Thank you, Mr. Moolenaar. The gentleman 
from California, Dr. Bera, is recognized. 

Mr. Bera. Right. Thank you. Chairman, and thank you. Ranking 
Member, for having this hearing. You know, as a fellow physician, 
you know, it is incredibly important that we take standards to ad- 
dress respiratory effects, and address asthma rates. I am empa- 
thetic to concerns about increased economic costs, and, you know, 
impact on jobs, but, you know. Dr. Rice, I think you would probably 
concur that, you know, the detrimental cost to asthma, the detri- 
mental cost to, you know, increased respiratory and pulmonary dis- 
ease also have a huge economic impact. And I don’t know if you 
can quantify that, but, again, we know the lifelong impact of, you 
know, these increased asthma rates and so forth. 

Dr. Rice. Thank you for your question. Dr. Bera. Absolutely. 
Many of the cost analyses that have been discussed so far today 
have not taken the human health costs of implementation, or of not 
implementing a stricter standard, into account. And those that 
have examined the health effects have found enormous health ben- 
efits associated with lower ozone standards, and those are in the 
form of savings from the use of medications to control asthma or 
CORD, lost work days that are avoided when people can go to work 
because they are feeling better, because the air quality is better. 
Kids can go to school. The cost of hospitalization for respiratory 
disease. And then there is, of course, the difficult to quantify costs 
of human suffering when people die as a consequence of higher 
ozone levels. Those are very important. 

Mr. Bera. So if we are doing a fair economic analysis, we also 
should clearly take a look at the prevention by impacting ozone 
standards, impacting asthma rates, impacting community health, 
and that would give us a much greater economic picture? 
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Dr. Rice. Absolutely. I agree with that. Thank you. 

Mr. Bera. I apologize if you have already touched on some of 
these cases, but, by upgrading our ozone standards, can you quan- 
tify the health impact, in terms of reduction in asthma rates, 
or 

Dr. Rice. I can give some examples. I could give 

Mr. Bera. Great. 

Dr. Rice. — the example of — so each study uses a different meth- 
odology, and they are going to arrive at different numbers, but one 
study, for example, by Berman and colleagues at Johns Hopkins 
looked retrospectively at asthma, and other health effects under 
different ozone standards. So, just to give an example, this analysis 
looked at how many lives would be saved if we fully adhered to the 
current standard of 75 parts per billion. And they estimated that 
approximately 2,000 would be saved just from the respiratory mor- 
tality component at 75 parts per billion, if we actually were there. 
And then if we went down to 70 parts per billion, almost 4,000 
lives would be saved. And that increases to 7,000 at 60 parts per 
billion, so triple the benefit. Acute respiratory symptoms, and that 
includes things like asthma and COPE) exacerbations, about three 
million reduced exacerbations if we implemented the 75 parts per 
billion, increasing to almost — to more than three times that, 11 
million exacerbations each year. This is going back to 2005. 

The EPA used a different approach, looking forward, at 2025, 
and estimated at 65 parts per billion, 4,300 premature deaths, and 
almost a million childhood asthma attacks would be avoided. Just 
some examples. 

Mr. Bera. So, again, this is incredibly important, right? I mean, 
you are talking about children’s lives, you are talking about huge 
economic impacts when you are talking about millions of potential 
exacerbations that are now mitigated by doing something that is 
actually a good thing to do. If we look at the current science, you 
know, the current standards don’t reflect the current science, is 
that correct? Is that an accurate statement? 

Dr. Rice. I would agree with that. That was the point that I 
made earlier as well, that even when the current standard was set, 
the Clean Air Scientific Advisory Committee had recommended a 
lower standard. 

Mr. Bera. Okay. So, again, you know, part of our job as sci- 
entists, part of our job as physicians, is to provide the best science. 
And then what we should be doing, as Members of Congress, is 
taking that science, taking the recommendations of the experts, 
and acting on that. So, again, thank you for your testimony, and 
thank you for your time. 

Dr. Rice. Thank you. 

Chairman Smith. Thank you, Mr. Bera. Are you finished? The 
gentleman from Alabama, Mr. Palmer, is recognized. 

Mr. Palmer. Mr. Chairman, I would like to introduce into the 
record a letter from the Governor of Alabama, the Honorable Rob- 
ert Bentley, addressed to the Honorable Gina McCarthy of the 
EPA. 

Chairman Smith. Without objection. 

[The information appears in Appendix II] 

Mr. Palmer. Thank you. 
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Mr. Heaston, reductions in ozone levels can be achieved by a va- 
riety of methods, including control technologies and control meas- 
ures. Ozone control strategies generally target nitrogen oxides and 
volatile organic compounds, which are the primary contributors to 
ozone formation at ground levels. Unfortunately, the EPA has not 
been able to identify how the proposed standards will be met. De- 
spite intensive review of available control technologies, the EPA is 
forced to heavily rely on controls that could not identify or predict 
literally unknown controls. 

If the EPA can’t even point to controls capable of almost half the 
emissions reductions needed in the east, or all of the reductions re- 
quired in California to meet these stringent proposed standards, 
this sounds like a shoot first, ask questions later rulemaking. 
Should we be imposing this much burden on the American people 
when the EPA doesn’t even know how this rule can be accom- 
plished? 

Mr. Heaston. Thank you. The broader question, I think, is the 
use of the black box, it is just a holding mechanism, so that you 
can go through the process and meet the requirements of the Clean 
Air Act. And they have to approve them, without any backup to it. 
And, I mean, I personally am glad it is there as a tool, but the re- 
ality is that the technology may not be developed, it may not be 
cost-effective, and it is — you are looking into the future with prom- 
ises of some sort of a deposit that you may not be able to withdraw 
later on if they are not there. And that is one of the concerns I 
have. You are just going to make the black box a bigger part of 
your attainment strategy, and that is not the way we should be 
going. 

Mr. Palmer. Well, I worked — prior to being a Member of Con- 
gress, I had a real job. I had several real jobs, one of which was 
in engineering and environmental systems. And one of the esti- 
mates here is that EPA’s cost benefit analysis on the ozone pro- 
posal caps the cost of unknown controls, again, controls that don’t 
exist, at $15,000. And having worked in environmental systems, 
designing and building pollution controls that our company did, I 
can’t think of a single thing that we could do for $15,000. So is 
your experience in implementing unknown controls, does that 
sound reasonable? 

Mr. Heaston. No, it does not. 

Mr. Palmer. Thank you. I also want to address something. Dr. 
Rice, that you brought up about the need to do this to improve 
health. Would you agree that an individual’s health is directly im- 
pacted by their economic or income status? 

Dr. Rice. Absolutely, yeah, I would agree with that. 

Mr. Palmer. So lost jobs would impact their health? 

Dr. Rice. It certainly could 

Mr. Palmer. Thank you. 

Dr. Rice. — affect someone’s health. 

Mr. Palmer. I think it would too, particularly when you look at 
the preponderance of data on who are likely to have asthma. It is 
males living below the poverty line, unemployed. 

I want to go back to this other issue, Mr. Heaston, with you. I 
also ran a think tank, and every four years we put out a report on 
environmental indicators for Alabama and the United States, and 
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Alabama has done quite well in improving air quality, particularly 
in Birmingham, where I live, which was known as the Pittsburgh 
of the South. We were a steelmaking company. In the ’60s you 
could see the air you were breathing. We have made great 
progress, despite the fact that the EPA keeps changing the stand- 
ards. We still meet them. This new standard, thought, makes very 
little sense to me, particularly since the EPA admits the technology 
doesn’t exist. 

Do you have any knowledge of any unknown controls in use right 
now, in practice, or are they things like — are these unknown con- 
trols more in the line of shutting down a power plant, or manda- 
tory electric cars? Is that the black box that we are talking about? 

Mr. Heaston. I would never, ever admit to that as control strat- 
egy, that I am going to try to shut down some industrial source — 
not in my district. Now, it might be in other districts that have no 
choice, but it certainly wouldn’t be a strategy that I would employ. 
My job is to try to figure out how to make the economics and the 
balancing of human health work together, because they are not ex- 
clusive to each other. You have to have them both in order 

Mr. Palmer. Well 

Mr. Heaston. — find a way to pay. 

Mr. Palmer. — even with that, it wouldn’t accomplish the objec- 
tive because so much of the ground level ozone occurs naturally 

Mr. Heaston. Right. 

Mr. Palmer. — particularly in the South, where you have got a 
number of warm, windless days, and a high density of forest. So, 
with that, Mr. Chairman, thank you. 

Chairman Smith. Thank you, Mr. Palmer. And the gentleman 
from Ohio, Mr. Johnson, is recognized. 

Mr. Johnson. Thank you, Mr. Chairman. I found it interesting 
a little earlier, when Dr. Rice made an analogy about the EPA’s 
need to set standards for ozone, comparing that to her requirement, 
as a physician, in rendering a diagnosis, that your diagnosis does 
not address the cost. That I actually would agree with, from a 
health care perspective, but I submit that most physicians would 
certainly agree that the course of treatment for whatever that diag- 
nosis would be would certainly be a cost consideration, because a 
physician is not going to be willing to render that treatment for 
free, I don’t believe. 

And I think what we are looking at here is the standards being 
set by the EPA, those are a course of treatment. They are not the 
diagnosis. I look at the staggering statistics coming out of the 
American Petroleum Institute that says that these new ozone 
rules — and we are talking about just my state, first of all. 204.3 bil- 
lion gross state product loss from 2017 to 2040, 218,415 lost jobs. 
Across America we are talking about 3.4 trillion in GDP per year 
from 2017 to — I am sorry, during that time period, and 2.9 million 
fewer jobs, or job equivalents, per year on the average through 
2040. The economic implications of this are staggering. They are 
profound, and I think we gloss over those way too quickly. 

Mr. Alford, the EPA administrator, Gina McCarthy, wrote an op- 
ed saying that the agency’s air standards attract new business, 
new investment, and new jobs. Is that what businesses have found? 
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Mr. Alford. Not at all, sir. The regulations prevent jobs, prevent 
business growth. Onerous regulations, regulations that may — have 
no economic sense whatsoever are crippling. 

Mr. Johnson. Yeah. 

Mr. Alford. And let me say, I have a deep appreciation of the 
improvement in our air quality. You know, I played rough, tough 
football in Los Angeles back in the ’60s, where it was just terrible. 
Playing in 102 degrees, and someone is trying to take your head 
off. So I have a deep appreciation for the progress we have made. 
I think maybe we may be getting it a little too overboard. 

Mr. Johnson. Okay. Mr. Keating, do you have a response to 
that? 

Mr. Keating. Yeah. I just — I agree with Mr. Alford, and I think 
it is important to note, for example, the NERA study. That really 
is the most, I think, comprehensive look at this at — so far. Includes 
any kind of benefits, if you will, increased jobs that come from the 
environmental side of things. So when you — when they talk about 
the total loss of jobs, let me look real quick, in terms of 1.4 million 
jobs per year, those factor — that includes the benefit, so that is the 
net loss there. 

Mr. Johnson. Okay. 

Dr. Rice. Mr. Johnson 

Mr. Johnson. Mr. Alford — ma’am, I have got some other ques- 
tions here, thank you. Mr. Alford, the whole state of Ohio, under 
these new ozone rules, would be found in non-attainment. Some of 
the counties would be unmonitored counties that are anticipated to 
violate a 60 ppb standard based on spatial interpolation. So could 
these stringent ozone standards hurt economic development in 
areas that are in attainment? 

Mr. Alford. Yes, sir. Again, the example of Baton Rouge, which 
had just got in attainment, but people fear that they are going to 
be out of attainment if these new rules come in. So prospective 
businesses from abroad are looking at Baton Rouge, I am sure they 
would be looking at Columbus or Cincinnati, but if there is a 
chance that you are going to be out of attainment, all bets are off. 

Mr. Johnson. But in areas that are in attainment — we conduct 
commerce all over this country. Goods are produced in one place, 
they are shipped across the country as raw materials for other 
places. The point I am making is that the areas that are found not 
in attainment 

Mr. Alford. Um-hum. 

Mr. Johnson. — they are not the only ones that are going to suf- 
fer. The whole country is going to suffer under this. 

Mr. Chairman, I have exceeded my time, and I will yield back. 

Chairman Smith. Thank you, Mr. Johnson. And we will go to the 
gentleman from Washington State, Mr. Newhouse, and is recog- 
nized for his questions. 

Mr. Newhouse. Thank you very much, Mr. Chairman. First of 
all, let me say I appreciate all of your participation this morning 
in this conversation. It is very important. I am from the State of 
Washington, and I just — something you said, Mr. Heaston, piqued 
my interest. 

Washington, like other areas of the country, is exposed to what 
is a good deal of ozone and other particulate matter from other 
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countries, foreign countries. Now, EPA has the authority to address 
this issue in its attainment designations, hut, if you could, can you 
describe how EPA accounts for international border pollution? I am 
not saying L.A. is another country, but, given that Washington, 
like other areas of the country, we can’t exercise control over for- 
eign sources. And kind of as a follow-up to that, does EPA, as far 
as you know, provide any implementation flexibility so it doesn’t 
punish states that violate standards due to that outside air — that 
they have no control? 

Mr. Heaston. Currently there is not a whole lot that can be done 
about — especially the stuff that comes over from overseas. I think 
more dramatically, if you look at the Mexico-U.S. border, like, for 
instance, down in Imperial County, down by the Salton Sea, the 
impact there is that they can’t sometimes put in a business without 
getting offsets, and so they have gone to drastic ways — not through 
anything EPA did to help them, but through their own ingenuity, 
went into Mexico, put a gas pipeline so they could get gas into the 
homes, so we could get them to quit burning the wood and other 
debris that they use to heat their homes, and then tried to find a 
way to take credit for those kinds of reductions. 

I mean, that is the kind of things that we have to go to, even 
in the States of California, just to get a project sited. And, to me, 
that — it points to a bigger issue when you go to the offshore stuff, 
because we don’t have any way to control that. And if businesses 
close here — for instance, if the cement industry was to close, and 
I think they have made the argument, many times, that they will 
just produce the cement over in Asia, and you still get the emis- 
sions back — coming back to the other way. So it is kind of a catch- 
22 for them, but there is a very limited ability to deal with those 
kind of emissions. 

Mr. Newhouse. Thank you, thank you. Mr. Alford, the EPA’s 
proposed standards will make it, I think, I have heard today, hard- 
er to get necessary permits to manufacture goods, build critical in- 
frastructure like roads, and — especially in my state, as well as oth- 
ers, increase cost of energy on all businesses and households. In 
fact, the study that has been cited a couple times looks to show 
that Washington State would put costs about $16 billion by the 
year 2040, even though it is projected all of our counties will be in 
attainment. 

So I guess my question is what happens to permitting for new 
and expanding businesses throughout the country when these 
standards are set to close to background levels, and how will the 
proposed standards hurt economic development in states that are 
projected to be in attainment? I mean — any idea what those eco- 
nomic impacts might be? 

Mr. Alford. It would be negative, I would believe. You know, 
permitting is a catchy thing that you can’t really get a hold of 
Some people will say that I am going to build this edifice, but yet 
you can’t get the permit. You don’t see that until you go and apply 
for the permit. So I think there would be a lot of confusion, a lot 
of — lack of aggressiveness for investors, or from companies who are 
willing to grow. They may take that business elsewhere, instead of 
taking it to Washin^on, or some other place because of the uncer- 
tainty. 
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Mr. Newhouse. Okay. 

Dr. Rice. Mr. Newhouse 

Mr. Newhouse. Dr. Rice, yes? 

Dr. Rice. I would like to add to the discussion, as there has been 
a lot of discussion this morning about the costs of the new rule. 
And I would like to — and there was that analogy that I brought up 
about making a diagnosis of pneumonia. And I want to set it clear 
for the record that, at this stage, when the ERA is setting the 
standard, costs are not supposed to factor into the decision of what 
a safe standard should be for public health. That should be based 
on the scientific evidence of health effects, and not the cost of im- 
plementation. 

And one of the witnesses, Mr. Alford, had commented that he felt 
that setting the standard in the range of 60 to 70 would be called — 
would be going overboard. And I would like to raise a question of 
what — what part — which asthma admission is going overboard? 
Which child who ends up in the ICU with a respiratory infection 
that was triggered by a high ozone event is overboard? And I would 
like you to ask the parents of those children whether they would 
agree that that is going overboard. 

Mr. Aleord. Is that a question to me? 

Mr. Newhouse. Well, 1 have gone over my time, Mr. Chairman. 
Thank you very much. 

Chairman Smith. Okay. Mr. Alford, would you want to respond 
to that question? 

Mr. Alford. Well, I don’t accept — I refute a lot of the things that 
have been said here today. You have got ozone going down, you 
have got asthma going up. Something else is causing asthma. I 
don’t — maybe it is just my stupid common sense thinking that. 

Chairman Smith. Okay. 

Mr. Alford. But the — there — I am looking, I am trying to find 
a correlation. I am spending money trying to find a correlation on 
asthma as it relates to ozone, and so far, sir, and in a month I can 
go public with this thing, I don’t see the correlation. 

Mr. Newhouse. Thank you, Mr. Alford. Thank you, Mr. 
Newhouse. We will go to the gentleman from Kentucky, Mr. 
Massie, for his questions. 

Mr. Massie. Thank you, Mr. Chairman. This is not an issue that 
should be partisan. I mean, we all want clean air, and we all want 
a vibrant economy. And as evidence of the fact this is — this 
shouldn’t be a partisan issue, and is not a partisan issue in Ken- 
tucky, I would like to submit for the record a letter from our Demo- 
crat governor to the President of the United States, and copied also 
the Administrator of the EPA. 

Chairman Smith. Without objection. 

Mr. Massie. And I want to read from this letter from our Demo- 
crat governor to the President. “I am writing concerning the antici- 
pated EPA’s proposed rule relating to ground level ozone standard. 
I appreciate the great challenge that the EPA faces in setting 
health-based standards. As you are aware, protecting the health of 
Kentuckians is of critical importance to me. However, I must share 
with you the concern I have that the new ozone standard could cre- 
ate a hardship for many of our communities.” And I will skip to 
this section, “This is of critical importance because if a lower stand- 



84 


ard is selected, counties in Kentucky that have never before experi- 
enced the ramifications of a non-attainment designation may be 
forced into that position.” 

He goes on to say, “My advisors recommend the ozone standard 
should remain unchanged for the time being. There are many envi- 
ronmental rules driving up costs in Kentucky that will negatively 
impact the economy. A new ozone standard does not have to con- 
tribute to these costs. Kentucky is a manufacturing state. For ex- 
ample, Kentuckians produce many of the vehicles, and much of the 
aluminum and steel manufactured in the U.S., and our manufac- 
turers rely on low cost electricity to produce these products. I 
therefore ask you to retain the current ozone standard, which will 
continue to protect the health of our citizens without burdening our 
communities with costly non-attainment compliance programs. The 
growth of our economy is dependent on it.” 

You know, in Kentucky we found this interesting correlation, I 
am sure you are aware of it. Dr. Rice, that poverty corresponds — 
is associated with a lot of health problems, such as diabetes and 
other things. Do you agree with that? 

Dr. Rice. I do. 

Mr. Massie. So that is really what we are, you know, our num- 
ber one health problem in Kentucky — in a lot of regions of Ken- 
tucky turns out to be the economy. 

Mr. Heaston, can you tell me what the ramifications of non-at- 
tainment designation might be for some of our more rural areas 
that are trying to attract industry? 

Mr. Heaston. Well, I think the effects are that you are going to 
have more bureaucracy. You will have controls you will have to put 
into a structure. If it currently didn’t have an air quality program, 
you are going to have to start from scratch, and start instituting 
controls, which immediately sets into play certain limits on which 
new sources can be sited, and then the existing sources are going 
to have to comply through prescriptive controls that are for that 
particular designation that you have. 

Mr. Massie. So I notice that in many days of the year that 
Southern California basin is in non-attainment of the current 
standard. What would be the economic impacts of saying that to- 
morrow they have to attain 75 parts per billion? 

Mr. Heaston. Well, I mean, I can’t speak for the South Coast Air 
Quality District, I can only speak for my own district, but what is 
going to end up happening is I will bump up. If I can’t meet the 
standard by the assigned date, then I have to go into what they 
call a bump up provision, and that means I go into a more stricter 
controlled environment. So those sources that are already in my 
district would then have to suffer even lower limits when they do 
changes, or modifications, or if a new company comes in. So those 
aren’t very pleasant things to have happen to you if you can’t at- 
tain. There are some punitive effects. There is Section 185. Section 
185 has the unpleasant presumption presuming that the stationary 
sources was the reason you didn’t attain. 

And when you didn’t attain, it levies fines against the businesses 
that really weren’t part of what was exacerbating the problem, or 
caused you not to attain. Because if they did the cuts that were 
prescribed into the Clean Air Act, they have done their part. But 
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if we were still in non-attainment, then the burden of the fees and 
the penalty goes on them, and not the public. 

Mr. Massie. So, Mr. Chairman, just to summarize, I want to say 
it should not be a partisan issue. We all want clean air. We all 
want healthy constituents. We all want a vibrant economy, but 
there is clearly a balance to strike here, and I hope we listen to 
our governors. Republican and Democrat, and I hope the EPA will 
do the same. Thank you, and I yield back. 

Chairman Smith. Thank you, Mr. Massie. The gentleman from 
Arkansas, Mr. Westerman, is recognized. 

Mr. Westerman. Thank you, Mr. Chairman, and I would request 
unanimous consent to submit a study from the Institute for Energy 
Research, and a letter from the American Forest and Paper Asso- 
ciation. 

Chairman Smith. Okay. Without objection. 

[The information appears in Appendix II] 

Mr. Westerman. So, as already discussed, there is evidence that 
suggests that the basis for the EPA’s ozone rule, which attempts 
to link asthma to ozone as an outdoor air pollutant, is not nec- 
essarily on a good foundation. In fact, according to a study pub- 
lished in the “Journal of Allergy and Clinical Immunology”, indoor 
air pollution that is correlated to poverty creates a higher risk for 
asthma than outdoor air pollution. 

We all know that forests and forest products are very environ- 
mentally friendly, and are critical for clean air. We understand the 
importance of trees in the carbon cycle. We know that trees, 
through photosynthesis, pull down carbon. When those trees are 
processed into two by four’s, and plywood, and oriented strand 
board, and put into houses, or put into furniture, that carbon is se- 
questered where those trees were cut down. New trees grow up. 
When they are younger, they grow faster, they pull more carbon 
out of the atmosphere, and they are very important to clean air. 
The wood we see in this room is sequestering carbon, and it has 
been for some time. 

All while sequestering carbon and cleaning the air, the forest 
products industry employs nearly 900,000 men and women in 47 
states, and is among the top ten manufacturing sector employs. 
This generates wealth, which lifts people out of poverty, which is 
good for their quality of life, including their health. Through exist- 
ing rules, such as boiler maximum available control technologies, 
the forest products and paper industries are already improving air 
quality. VOC emissions are going down, and NOCs are down by 
over 25 percent from 2000 to 2012. 

The ozone rule will drive up costs in the forestry and forest prod- 
ucts industry, which will result in closed facilities, which will mean 
less jobs, less carbon sequestration, more poverty, and more asth- 
ma. So, Ms. Rice, I have a question for you. Do EPA’s health effects 
include the negative health effects of employment cost? 

Dr. Rice. Are you asking me whether the effects on employment 
were incorporated in the EPA cost analysis? 

Mr. Westerman. Right. 

Dr. Rice. I don’t believe that the employment related to the regu- 
lation was taken into account. 
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Mr. Westerman. Even though there are studies that show 
that 

Dr. Rice. Um-hum. 

Mr. Westerman. — poverty is related to indoor air pollution, 
which is correlated with asthma? You have totally disregarded the 
effect of employment, and jobs, and poverty on your cost analysis? 

Dr. Rice. So I haven’t done any cost analysis, just to be clear. 
I am a physician who does 

Mr. Westerman. Well, ERA. 

Dr. Rice. — research on air quality. And the standard, as I have 
said many times, should be set based on a level that is considered 
to protect public health, with an adequate margin of safety. The 
evidence that ozone makes asthma worse is very well established. 
There are hundreds and hundreds of studies to show that ozone 
makes asthma worse. 

What you are referring to is a very well designed study exam- 
ining asthma prevalence, so how common asthma is in different 
parts of the country, and found evidence that poverty is associated 
with asthma prevalence. That is — that study did not look at ozone. 

Mr. Westerman. What about in the case of the forest products 
industry, where you have a very green material that is good for the 
environment, yet these standards are going to hurt the industry, 
which will cost jobs, which will close down facilities, which means 
less trees will be utilized, which will mean less carbons being se- 
questered in the air, is becoming less clean? 

Dr. Rice. We have been talking a lot about costs today, and I do 
agree with you that costs are important, and costs present chal- 
lenges, and costs should be part of the implementation process, and 
the decision process on how to implement the standard. But I think 
the standard should be established based on the health con- 
sequences — 

Mr. Westerman. Well, if we take cost out of the equation, and 
just use the science of air quality, these regulations will negatively 
impact air quality because they will remove operations that ulti- 
mately add to the cleanness of the air. 

Dr. Rice. Though I am a physician, and not an expert on the for- 
est industry, I respectfully disagree with the prediction that 
these — that setting a lower standard will worsen air quality. 

Mr. Westerman. I am an engineer and a forester, and I disagree 
with you, and I can tell you that raising these standards will hurt 
this sector of the economy, which will, in essence, hurt the air qual- 
ity overall. Thank you, Mr. Chairman. 

Chairman Smith. The gentleman’s time has expired, and thank 
you, Mr. Westerman. The Ranking Member, Ms. Johnson, is recog- 
nized. 

Ms. Johnson. Thank you very much, Mr. Chairman. I have a let- 
ter from Dr. Corinne Keet, the lead author of the study that was 
mentioned by my colleague. This letter clarifies the results of the 
study, and the misinterpretation by some that ozone — is not impor- 
tant for asthma. Dr. Keet outlines how the conclusions drawn in 
recent articles on her study are false. She states in the letter that 
her study found that poverty and race were major risk factors for 
asthma prevalence, and that living in urban areas was not a major 
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risk factor, but that her study does not suggest that air pollution 
and ozone are not important for asthma. 

She goes on to state that a link between ozone levels and res- 
piratory health outcomes is supported by many studies that have 
been used — use a variety of methods. And I ask unanimous consent 
that this letter be included in the record. 

Chairman Smith. Without objection, the letter will be made a 
part of the record. 

[The information appears in Appendix II] 

Chairman Smith. And the gentleman from Oklahoma, Mr. Lucas, 
is recognized. 

Mr. Lucas. Mr. Chairman, I ask by unanimous consent that a 
letter from Dale Moore, Executive Policy Director of the American 
Farm Bureau Federation, to Gina McCarthy, Administrator of the 
EPA, be submitted to the record with the insights that it provides 
on this very important subject matter. 

Chairman Smith. Without objection, so ordered. 

[The information appears in Appendix II] 

Chairman Smith. We have no further Members to ask further 
questions. And I just want to thank the panel today. You all have 
just given excellent testimony. We appreciate your making the ef- 
fort to be here today. We had a lot of good exchanges, picked up 
some new ideas as well, and we stand adjourned. 

[Whereupon, at 12:13 p.m., the Committee was adjourned.] 
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Answers to Post-Hearing Questions 
Responses by Mr. Harry C. Alford 


NBCC 


National Black 
Chamber of Commerce® 


4400 Jenifer St. NVV Suite 33 
Office: 202-466-6888 i 


I I Washington, DC 2001 3 
Fax; 202-466-4918 


www.nationalbcc.org I infoffinattonalbcc.org 


April 27, 2015 


1 . The President talks a lot about funding for road and bridges. Could EPA’s stringent 
ozone proposal block needed infrastructure projects - even if the money is made 
available? 


The EPA proposal will put the vast majority of locations out of attainment. Thus, no projects, 
regardless of funding, will be permitted. Our infrastructure will continue to go neglected at the 
cost of safety and quality of life for our communities throughout the nation. 


2. What are the public health impacts of not being able to find a job? Does EPA account for 
these impacts in their stringent ozone proposal? 

Quality care is eliminated when tliere is no consistent and/or sufficient income for members of 
families without jobs. Disease and serious ailments will exist and cause a shortening in a 
person’s life span. The EPA has no consideration of this fact (lost jobs due to fewer projects and 
programs). This is worse than laissez-faire it is a total state of denial. 



Harry' C. Alford 
President/CEO 



91 


Responses by Mr. Raymond Keating 


U N C I L 

Small iifsiness & EntrepietMwsfiip Council 

April 23, 2015 

The Honorable Lamar Smith 
Chairman 

Committee on Seiencc, Space, Technology 
U.S. House of Representatives 
2321 Rayburn House Office Building 
Washington, D.C. 20515-6301 

Dear Chairman Smith: 

On behalf of the Small Business & Entrepreneurship Council (SBE Council) and its Center for 
Regulatory Solutions project, I again thank you for the opportunity to testify before the 
Committee on Science, Spaee, and Technology in the hearing entitled Reality Check: The Impact 
and Achievability ofEPA s Proposed Ozone Standards on March 17, 2015. 

Following are answers to the questions submitted for the record by members of the Committee 
that were sent in your letter dated April 1 3, 20 1 5. 

1 . What happens to permitting for new and expanding businesses throughout the country 
when ozone standards are set close to background levels? 

Background ozone can be transported into a local airshed from distant sources, as well as ozone 
that occurs naturally. Scientists now understand that a range of industrial and other human 
activities throughout the world contribute to ozone concentrations in the U.S. In an April 2011 
report, ERA scientists noted that: 

A growing body of observational and modeling studies suggests that the 
international anthropogenic [man-made] contribution to U.S. background ozone 
levels is substantial and is expected to rise in the future as rapid economic 
development continues around the world. Of particular concern is rising Asian 
emissions of nitrogen oxides (NOx), which can influence U.S. ozone 
concentrations in the near-term, and methane, which affects background ozone 
concentrations globally over decadal time scales. 

In particular, [a 2010 Report by the Task Force on Hemispheric Transport of Air 
Pollution] estimated that the contribution of NOx, non- methane VOC, and CO 
emissions in Europe, South Asia, and East Asia to North American ozone 
concentrations at relatively unpolluted sites is 32% of the contribution of 
emissions from all four regions (including North America) combined. That 
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contribution is projected to rise to 49% in a conservative emissions growth 
scenario and to 52% in a scenario of aggressive global economic development. 

As ozone concentrations in some areas decline and approach background levels, the range of 
policy options available to states to comply with EPA’s more stringent ozone standards becomes 
more difficult, and for businesses and consumers, more costly. 

As noted in my testimony, it was explained in an initial eomprehensive economic study from 
NERA published in July 2014 (“Assessing Economic Impacts of a Stricter National Ambient Air 
Quality Standard for Ozone”) that the problems that come with nonattainment are considerable: 
“Unlike regulations that target specific sectors, an ozone standard would directly affect virtually 
every sector of the economy, because ozone precursors (oxides of nitrogen, or NOX, and many 
types of volatile organic compounds, or VOCs) arc emitted by a W'ide range of stationary, 
mobile, and area sources. Moreover, a tightened standard might result in other effects, notably 
potential constraints on domestic natural gas and crude oil development activity if nonattainment 
regions introduce pennitting barriers or require emissions offsets to develop new wells and 
processing facilities.” 

The July 2014 report also explained what “non-atlainmcnf’ means in practical terms, that is, new 
businesses must obtain air permits to operate. As NERA stated: “Finally, being in nonattainment 
of a NAAQS triggers more regulatory burdens than Just reducing emissions to achieve 
attainment. A number of regulatory programs are also imposed on nonattainment areas. 
Significant among these is a requirement that any economic entity that wishes to obtain a permit 
to establish a now facility that will emit the pollutant(s) of concern in a nonattainment area must 
first find an offsetting reduction of those same emissions from another facility that is exiting the 
area, or has voluntarily reduced its own emissions below its permitted level. Markets for these 
‘offsets’ often develop, but offsets can be exceedingly costly or difficult to find if there are few 
existing emitting facilities in the area to create a supply. A tightened ozone standard has the 
potential to cause nonattainment areas to expand into relatively rural areas, where there are few 
or no existing manufacturing facilities to generate a supply of offsets. If nonattainment expands 
into rural areas that arc active in U.S. oil and gas extraction, a shortage of offsets may translate 
into a significant barrier to obtaining permits for the new wells and pipelines needed to expand 
(or even maintain) our domestic oil and gas production levels,” 

As offsets grow more costly, it becomes harder for local areas to attract new businesses, or 
expand existing businesses. As the American Forest and Paper Association has explained, “The 
inability to pennit a project hurts the competitiveness of the facility, harms product development 
and innovation, and can thwart environmentally beneficial projects. Local communities will miss 
out on new jobs and economic growth while industry sectors face the risk of becoming 
uncompetitive.” 

Consider the case of Baton Rouge, Louisiana. Baton Rouge has already seen several major 
industrial projects dry up as the rule looms over the local economy. As Baton Rouge Area 
Chamber (BRAC) explained: 
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Since the EPA first proposed lowering the ozone standard in December, the Baton 
Rouge Area has seen four major industrial projects totaling 2,000 direct and 
indirect jobs, and more than $7 billion in capital investment, either put on hold or 
redirected elsewhere. These losses arc in direct correlation with the uncertainty 
created by the newly proposed ozone standards rule. The direct impact on the 
Baton Rouge Area, in terms of new payroll created from the projects themselves, 
would have been over $86 million annually in wages for the local economy. Also, 
because these projects included foreign direct investment projects, they also 
represented new investment from multi-national corporations into the country'. 

Federal regulations concerning NAAQS are having a direct, negative effect 
on competing IJ.S. goals for increasing foreign direct investment and exports. 

BRAC officials arc quick to emphasize that the ozone rule has not even been finalized yet. Once 
non-attainment becomes a reality, the consequences arc likely to be more severe; 

In the Baton Rouge Area case, . these consequences came about merely from the 
regulation being proposed. Imagine the losses if it is actually implemented, losses 
not only for Baton Rouge but for other top-performing metros across the country. 

The implication is that U.S. government policy toward ozone, as proposed, runs in 
direct contradiction to America's economic goals. 

2. EPA Administrator Gina McCarthy wrote an op-ed saying that the Agency’s air standards 
“attract new business, new investment, and new jobs.” That might sound good 
politically, but is it correct economically? 

As noted above and in my testimony, the answer, quite simply, is no. Consider also the 
American Chemistry Council summed up this issue well, citing Houston, Texas, as an example 
of why Gina McCarthy is wrong: 

The experience of Houston, Texas is illuminating. Despite billions spent on 
emission controls and a dramatic reduction in air pollutants, the area is in 
nonattainment with the current ozone standard of 75 parts per billion, As a result, 
there arc strict regulatory permitting requirements for building or modifying 
factories and other facilities. Companies wanting to build or expand must pay for 
emission offsets before they can secure a preconstniction permit. These offsets are 
scarce, and expensive - over $1 75,000,/ton of VOc/NOx, Even facilities that arc 
not expanding can feel the pain of operating in a nonattainment area. When a 
standard is lowered, states often have to implement new regulations or more 
stringent ones. For example, facilities in the Houston area with combustion units, 
such as boilers and ethylene crackers, must install burners that emit even lower 
NOx emissions. The point is that it is not only new investment that is at ri.sk. 

Many states will be unable to meet EPA’s proposed lower NAAQS. Most likely, 
facilities in these locations will expand only if they shut down operations 
elsewhere or are able to come up with the significant additional investment 
needed to buy pricey offsets. 
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Also, ACC has noted that, “It is very likely that facilities would expand only if they shut down 
operations elsewhere, or they eame up with the significant additional investment required to buy 
increasingly expensive offsets. Economic growth, new jobs, and a sustainable competitive 
advantage for U.S. manufacturing are at risk from a lower ozone standard.” 

As 1 concluded in my testimony, small businesses in non-attainment areas will have a difficult 
time starting up, expanding and competing for “offsets,” as those offsets will be expensive, or 
perhaps not exist when needed. Compliance will be complex and costly. Economic opportunity 
and job creation will suffer. The expense and red tape will be a barrier to new startups and 
business formation. These regulations would hamper local efforts to .spur new business creation, 
and could, in effect, serve as a cap on entrepreneurship and small business growth. 

3. Could unnecessarily stringent regulations like EPA’s ozone proposal push businesses off 
shore to countries with lower environmental protections? How does that help the 
environment? 

Consider recent testimony by the Industrial Energy Consumers of America on climate change 
regulation fh ttp://docs.ho u.se.gov'/mecting.s/lF/l F03/2 0150414/103312/HHRG-114-lF03-Wstatc- 
CicioP-2015 0 414.Dd f). As lECA explained, “Offshore competitors, who import product into the 
U.S., must be held to the same environmental standards as domestic manufacturers, or GHG 
leakage of jobs and emissions will occur, which accomplishes nothing enviromnentaily." 

When it comes to the EPA’s Clean Power Plan; “It is clear that the CPP as proposed will 
dramatically increase the cost of power and natural gas, while providing our offshore competitors 
an economic advantage, potentially creating GHG emission leakage, and with a harmful effect 
on jobs, the economy, and the environment.” 

lECA also noted: 

U.S. and E.U. industrial sector GFIG emissions have declined, China’s industrial 
GHG emissions have substantially increased. While no U.S. corporation would 
want to substitute the quality of air in the U.S. for that of China, these numbers 
are a clear reminder that there are clear winners and losers, and consequences for 
higher cumulative costs heaped upon the U.S. manufacturing sector. 

While the manufacturing sector, especially the EITE industries, have benefited 
from the low cost of natural gas, the cost of regulation continues to weigh heavily 
on investment, job creation, and global competitiveness. According to the 
National Association of Manufacturers (NAM) 2014 study “The Cost of Federal 
Regulations to the U.S. Economy, Manufacturing and Small Business,” the total 
cost of federal regulations in 2012 was $2,028 trillion (in 2014 dollars). Of 
course, not all regulation is bad regulation. Nonetheless, many of these regulatory 
costs are costs that our offshore competitors do not have. 

One can easily imagine that a harsh ozone standard would have the same effect. 
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4. EPA’s cost analysis claims that the costs of implementing its proposed ozone standard 
have gone down by $29 billion in the last four years. Is this an economically sound 
assumption? 

It is well worth considering another point highlighted in my testimony from the NERA 
Economic Consulting comprehensive study, which was updated in February 2015 (“Economic 
Impacts of a 65 ppb National Ambient Air Quality Standard for Ozone”), regarding these EPA 
ozone regulations: 

As opposed to the EPA’s essentia! guesswork on costs, the NERA study attempts 
to get at the real potential costs based on the realities ofthe marketplace. As 
noted, “As in the July 2014 analysis, emission reductions from ‘known’ controls 
were not sufficient to achieve attainment, in this case with a 65 ppb ozone 
standard. EPA has filled the gap with a rough estimate of costs of ‘unknown’ 
controls, i.e,, controls for which no cost information was developed. In contrast to 
the two cost estimation methodologies presented in its 2008 and 2010 RTAs, this 
time EPA used a single simplistic assumption that annualized control costs for 
these ‘ unknown’ controls would be equal to $ 1 5,000 per ton, regardless of the 
state, the sector, or the amount of emission reduction required. This estimate was 
not based upon any evidence-based analyses of the nature of the emissions that 
remain after ‘known’ controls are in place, or of the costs of potential additional 
controls for these sources. Our compliance cost estimates are based upon a 
synthesis of EPA estimates of emission reduction, our modifications of EPA’s 
assumptions regarding baseline reductions, EPA’s estimates ofthe costs of 
‘known’ controls, and our more detailed estimates of the costs of ‘unknown’ 
controls. As in our July 2014 report, our ‘unknown’ cost estimates are more 
evidence-based than EPA’s, as we use detailed infonnation on the types of 
sources that account for the remaining emissions (EGUs, other point sources, on- 
road sources, off-road mobile sources, and area sources) as well as estimates of 
the potential costs of reducing emissions by scrapping existing emission sources 
prematurely.” 

And later in the report: “We estimate that the potential costs of achieving a 65 ppb 
ozone standard could have a present value of almost $1.1 trillion as of 2014 
(based upon costs incurred from 2017 through 2040), not including any costs for 
forcing a massive cutback in generation from coal-fired EGUs to reduce NOX 
emissions from the power sector (whose costs are endogenously determined in the 
economic impact model)... As a rough point of comparison, we estimate that 
EPA’s aimualized cost estimate implies a present value of about $167 billion. The 
primary difference in our methodologies is the extrapolation method used to 
estimate the cost of ‘unknown’ controls; we attempted to assess the kinds of 
controls that would be required after “known” controls and based our method on 
the estimated costs per ton of one such control (vehicle scrappage), whereas EPA 
relied on an arbitrary constant value.” 
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5. Do you think EPA’s cost estimates for its stringent ozone proposal would be closer to its 
2010 estimates — costs which Cass Sunstein warned would be “especially harmful to the 
poor” — if EPA didn’t ehange their methodology and cap costs for unknown controls? 

Absolutely. In its 2010 regulatory impact analysis of its ozone proposal, EPA found that 
lowering the standard within the range of 60 to 70 ppb could cost as much as $90 billion 
annually. EPA’s updated RIA, however, shows much lower costs — and costs that are far below 
those found by NERA in its analysis. NERA estimates costs at $140 billion on average annually 
between 2017 and 2040. 

The issue gets to what EPA calls “unknown controls,” or controls that are not available, and 
therefore EPA has no idea of their cost to install and operate. Interestingly, in February 2015 
testimony before the House Government Reform Committee, NERA’s Ann Smith noted that 
under a 65 ppb standard, “approximately half of the needed reductions in emissions are left 
unidentified by USEPA. It is a matter of intuition (and economic reality) that reductions that 
cannot be identified in a cost analysis probably become increasingly more costly than those that 
can more readily be identified.” Smith continued; 

In its 2008 and 2010 RlAs, USEPA made efforts to roughly approximate this 
increasing cost per ton; in the current RIA, however, USEPA has simply assumed 
that all of those unknown control measures will be available at an average of only 
S 1 5,000 per ton - no matter how deeply one has to cut back on total baseline 
emissions. NERA staff have performed calculation replicating USEPA’s cost 
estimates and we have found that if one simply replaces the current RIA’s flat 
$ 1 5,000 per ton for the “unknown” reductions with the same upward-sloping cost 
per ton assumption that USEPA used in its two prior ozone RIAs, the estimated 
costs for the alternative rules today will be essentially the same as they were 
before. 

Again, as 1 noted in my testimony, the proposed ozone rule not only has the potential to be the 
“most expensive regulation” ever enacted by the federal government in U.S. history, it will be 
one that severely impinges on entrepreneurship and economic freedom. 

I appreciate this opportunity, and please let us know how SBE Council can be of llirther 
assistance. 

Sincerely, 

Raymond J. Keating 
Chief Economist 

Small Business & Entrepreneurship Council 


301 Maple Avenue West • Vienna, VA 22189 • sbecouncil.org • (^SBECouncil 


Protecting Small Business, Promoting Entrepreneurship 
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The Honorable Lamar Smith 
Chairman 

Science, Space and Technology 
Committee 

U.S. House of Representatives 
Washington, DC 20515 


The Honorable Eddie Bernice Johnson 
Ranking Member 
Science, Space and Technology 
Committee 

U.S. House of Representatives 
Washington, DC 20515 


Dear Chairman Smith and Ranking Member Johnson; 


Thank you for the opportunity to respond to follow up questions from the 
House Science Space andTechnology Committee hearing on the human 
health risks of ozone exposure held on March 17, 2105. Asa memberofthe 
American Thoracic Society, I appreciate the opportunity to share with 
committee the scientific facts documenting the severe adverse health effects 
caused by exposure to ozone. 

i also appreciated the opportunity to provide further information in response 
to yourfoliow up questions from the hearing. Please find the below 
responses: 

1. Can you please explain the difference between the prevalence of 
asthma and the incidence of asthma attacks and the role air pollution 
plays In both? 

Asthma prevalence refers to how common asthma is, or specifically, how 
many people as a proportion of the population have been diagnosed with 
asthma. In the U.S., the prevalence of asthma has been rising in the past 30 
years: from 3.1% in 1980 to 5.5% in 1996 and 8.4% in 2010 [1]. The reason 
for the rising prevalence of asthma is the subject of intense scientific 
investigation, and so far there has been no simple explanation for why 
asthma prevalence is rising. People who live in the U.S. but were born 
elsewhere have a lower risk of asthma than people who were born and 
raised in the U.S., which suggests that there are early life exposures in the 
American environment that increase the risk of developing asthma [2],[3]. 
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Air pollution has been proposed as an exposure that may increase the risk of developing 
asthma. However, research findings have been inconsistent on this issue, with most studies 
finding that air pollution slightly increases the risk of developing asthma, and others not [4], {5]. 

Most likely, there are a whole host of factors that explain why asthma prevalence is on the rise 
in the U.S., including higher rates of doctor diagnoses because of a higher awareness of asthma 
as a childhood disease, longer and more potent pollen seasons, obesity, nutrition, 
breastfeeding, hand hygiene, and changes in the mix of a number of environmental exposures, 
including pollutants, viruses, and fungi [6]. 

The incidence of asthma attacks refers to the risk of having an asthma attack among people 
who already have asthma. Studies have consistently found that exposure to air pollution, and 
ozone In particular, increases the risk of having an asthma attack among people who have 
asthma[7~13]. From 2001 to 2010, while ozone levels generally declined in the U.S., the 
incidence of asthma attacks among children and adults with asthma has also declined [1]. The 
fact that asthma prevalence is on the rise means that more and more people in America are 
at risk of an asthma attack during high ozone days. 

2. During the hearing, some members seemed to suggest that there is disagreement 
within the scientific community on the health effects of ozone. What evidence can 
you provide the Committee that would demonstrate a consensus opinion among 
major professional medical groups on the health effects of ozone? 

That ozone exposure harms human health is a well-established scientific conclusion. Prior 
reviews of ozone by the independent Clean Air Scientific Advisory Committee have consistently 
identified multiple health effects, including, but not limited to; reduced lung function among 
healthy adults and those with asthma; hospitalization for asthma, respiratory infection and 
chronic obstructive pulmonary disease; and increased risk of premature mortality [14-17] 

These associations have been demonstrated repeatedly in a multitude of studies over many 
decades. Other scientific panels and major professional medical groups have identified these 
health effects of ozone in consensus statements. They include the World Health Organization 
[18], the National Academies of Science[19], the American Medical Association, the American 
Thoracic Society, the American Lung Association, the Academy of Pediatrics, the American 
Public Health Association, and many others[20], [21]. Each of these organizations and 
professional groups has independently examined the scientific evidence and reached a 
consensus that ozone is harmful to human health. 

Again, the American Thoracic Society appreciates the opportunity to testify before the 
committee. Please let me know If you have questions or need additional information. 

Sincerely, 

Mary B Rice, M.D. 

Member, American Thoracic Society Environmental Health Policy Committee 
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Responses hy Dr. Allen S. Lefohn 

Allen S. Lefohn, Ph.D. 

A.S.L. & Associates 
302 North Last Chance Gulch 
Suite 410 

Helena, Montana 59601 
asl-associates.com 

Responses to Questions for Dr. Allen S. Lefohn 
April 17, 2015 

Preface 

Background is a significant contributor to observed ozone concentrations throughout the 
U.S. and its contribution increases as lower standard levels are considered. As such, background 
levels will impact the ability to attain the standard, the amount of ozone precursor emissions that 
must be controlled to attain the standard, and the margin of safety that can be imposed to assure 
the standard provides adequate safety. Ignoring background will not prevent it from making itself 
known. 


in my response to the first question, I note that for those monitoring sites, which are 
currently heavily influenced by anthropogenic (i.e., manmade) ozone precursor emissions, they 
experience their 4^*^ highest 8-hour concentration during the summer. However, if emissions were 
reduced across the U.S. to achieve alternative lower ozone standards, modeling indicates that 
there will be a tendency for the 4‘^ highest 8-hour concentration to occur not just during the 
summer, when traditionally, anthropogenic ozone fonnation is high, but in some locations, to 
occur during the spring when the main contributors to ozone are background sources. The 
locations affected by the springtime shift can appear anywhere across the entire U.S. I also note 
that with more stringent proposed standards, background wdll become an even more important 
contributor to exceedances of the standard all across the U.S. than it is under the current 
standard. 

For the second response, I point out while other controlled human exposure and 
epidemiological studies have been published since the last rulemaking, for the current 
rulemaking the Administrator has focused on the controlled human exposure study performed by 
Schelegle et al. (2009) for setting the primary standard. She acknowdedges that effects reported 
in controlled human exposure studies are due solely to ozone exposures while in contrast, 
epidemiological studies incorporate confounding factors and uncertainties about exposure that 
may obscure the cause-effect relationship. In addition, the Administrator acknowledges that 
higher ozone concentrations have a proportionately higher impact than lower concentrations and 
therefore, are an important consideration in determining ozone's health impact. Extremely 
important work by Hazucha et a). (1992) and Adams (2003; 2006a, 2006b) fonn the scientific 
foundation for the focus on higher ozone concentrations. Lefohn, Hazucha, Shadwick, and 
Adams (Lefohn et al., 2010a) conclude that higher ozone concentrations are important in FEV] 
responses and that the effect is cumulative based on exposure. Fhe Lefohn et al. (2010a) findings 
are similar to the vegetation effects conclusions reached by the EPA (2013). The importance of 
the higher concentrations and the cumulative nature of the effects is the basis for the EPA using 
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the Wl 26 exposure index (Lefohn and Runeckles, 1987; Lcfohn et al., 1 988) for assessing 
vegetation effects. 

In the third response, I note that estimated health risks provide information to inform the 
Administrator on the margin of safety. Background contributes to, and therefore confounds 
health risk estimates. Background will be one of several factors influencing the margin of safety 
determination. 

For the fourth response, 1 point out that the threshold estimate from the .lerrett et al. 
(2009) study cannot be used as evidence to support an 8-hour 60 ppb standard because the ozone 
averaging time is quite different between Jerrett et al. and the NAAQS, The form of the ozone 
NAAQS is the 3-year average of the annual 4* highest daily maximum 8-hour average 
concentration, Jerrett et al. (2009) appeared to use a long-term (i.e., 24 years) average oz.one 
concentration that is not related to the eurrent form of the ozone standard. 


Response to Speeifie Questions 

1. In your testimony and response to questions, you mentioned that there is a shift in the 
peak ozone downward and a shift in the lower ozone upward. In fact you used a slinky 
to demonstrate how the ozone distribution is shrinking to the mid-range and that 
background makes up a large percentage of this mid-range. Besides the shift of the 
ozone to the mid-range are there other cxamplc.s, such as seasonal shifts in ozone 
occurrences that illustrates the importance of background ozone on potential violations 
of the proposed ozone standards? 

Currently, at most ozone monitoring sites heavily influenced by anthropogenic emissions, 
the annual 4"’ highest (H4 MDA8) 8-hour concentration occurs during the summer. However, if 
emissions were reduced across the U.S. to achieve alternative lower ozone standards, modeling 
indicates that there will be a tendency for the annual 4'*’ highest (H4 MDA8) 8-hour 
concentration to also occur during the spring. This observation is confirmation that background 
ozone will increase its influence when exceedanees of the lower standards occur. 

One of the key aspects of background ozone is that it currently makes up a large 
percentage of the observed ozone measured in the West and Intermountain West, In addition, 
background ozone currently makes important contributions to the observed ozone levels 
measured across the U.S. As I indicated in my testimony, as emissions are reduced, background 
ozone will increase in importance in its contribution to observed ozone across the U.S. because it 
will not be titrated by anthropogenic emissions as much as experienced under current conditions. 
When emissions are reduced to attempt to attain lower ozone standards, there is evidence that 
background ozone will increase its contribution to violations across the entire U.S, 

The EPiA (2014a) reports that background ozone currently makes up a relatively large 
percentage (e.g., 70 to greater than 80%) of the total seasonal mean ozone at locations wdthin the 
intermountain western U.S. and along the northern and southern U.S. border during the April- 
October period. For many low-elevation sites in the West, as w'ell as the remainder of the U.S., 
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the contribution of background ranges from 50% to greater than 80% (EPA, 2014a; Dolwick et 
al., 2015). 

EPA (Federal Register, 2014 ~ page 75383) agrees that there is no question that as the 
levels of alternative prospective standards are lowered, background will represent increasingly 
larger percentages of total ozone levels and may subsequently complicate efforts to attain these 
standards. If lower standard levels were promulgated, background concentrations will increase 
and exceedances w'ill become more common. Exceedances of lower proposed standards at times 
may be associated with natural enhancements to observed surface ozone concentration (i.e., 
episodes driven by stratospheric intrusions and wildfires), w'hile at other times exceedances may 
be associated with natural enhancements combining with international transport and other 
loeal/regional sources, such as biogenic, lightning and anthropogenic emissions. For the high- 
elevation sites in the western tJ.S., many exceedances will be associated with natural 
enhancements. As emissions are reduced, lower-elevation sites throughout the remainder of the 
U.S., which currently experience natural stratosphcric-contributed enhancements combined with 
other sources (Lefohn et al., 2014), will experience exceedances associated with increasing 
background contributions. 

The importance of background ozone has been noted in Appendix 4D of the Flealth Risk 
and Exposure Assessment (EPA, 2014b, c). EPA (2014c) illustrates monthly boxplots of hourly 
ozone concentrations at monitor locations in each of 1 5 urban areas for observed air quality in 
2006-2008 and 2008-2010, for air quality predictions meeting the existing 75 ppb standard, and 
for air quality predictions meeting the alternative standard of 65 ppb (Figures 4D-28 through 
Figure 4D-42). From these figures, EPA notes that w'hen emission reductions occur, on days 
when the daily maximum 8-hour average concentrations (MDA8) are in the midrange levels, 
there is a shift of the higher mid-range ozone concentrations from the summer toward the spring 
months. Currently in most cities, the highest interquartile (i.e., 25*'’ to 75*^ percentiles) ozone 
concentrations occur during the summer months (i.e., .lune-August). However, in the 75 and 65 
ppb scenarios, the highest interquartile ozone concentrations in many areas shift toward the 
spring months (i.e., April-May). F-PA (2014c) notes that this shifting pattern is associated with a 
higher contribution from non-U. S. anthropogenic sources (i.e., background). In other words, as 
noted by the EIPA, many of these non-U. S. anthropogenic sources, such as stratospheric 
intrusions and international transport, peak during spring months and therefore, background 
ozone, as acknowledged by the EPA (2013), will grow in importance as emissions are reduced to 
meet alternative standard levels. The figures in the HREA (EPA, 2014c) most clearly show 
effects on midrange and inter-quartile hourly ozone concentrations, and EPA tends to focus the 
discussion on those ranges. However, as demonstrated below, the very same effect occurs for the 
highest ranges in daily maximum 8-hour (MDA8) ozone, including the annual 4”' high (H4 
MDA8) upon which the ozone standard is based. 

During 2014, ENVIRON, an environmental consulting firm, conducted photochemical 
modeling of the entire U.S. for the years 201 1 and 2018, using the EPAks modeling platfonn. 

The analysis used the same model version, meteorology, and other inputs as EPA’s analysis 
supporting the Agency’s Risk and Exposure Analysis (EPA, 2014b). Specifically, version 6.10 of 
the Comprehensive .A-ir Quality Model with extensions (CAMx) was employed using 2011 
meteorology, initial/boundary conditions and other ancillary inputs that comprise the EPA’s 
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2011 modeling platform. Additionally, the 201 1 and 2018 modeling platform emissions (version 
“ED") were used to determine 2018 emission reduction necessary to achieve the 60 and 70 ppb 
alternative ozone standards throughout the U.S. These datasets were obtained in early 2014 from 
the Lake Michigan Air Director's Consortium (LADCo), acting as EPA’s modeling data 
warehouse. Further details of the modeling methodology are described in Appendix A at the end 
of my response to questions. 

Figures 1-3 on the next pages display the spatial variation in months when simulated 
annual 4*'' high (114 MDA8) occurs in each model grid cell for the 2011 base case and two 2018 
cases meeting 70 and 60 ppb standards. Shades of green in the figures represent the occurrence 
of the annual 4* high (H4MDA8) concentrations during the spring months. The figures illustrate 
that as emissions are reduced, the amount of green (i.e., March-May months) in Figures 2 and 3 
increases. This indicates that as emissions are reduced across the U.S. to meet the two 2018 
cases for alternative standards (Figures 2 and 3), simulated annual 4"' highest (H4 MDAS) 
concentrations tend to shift from predominantly summer month occurrences (i.e., June, July, 
and August) over most of the U.S. to a wider range of months, particularly during the spring 
months. 

Thus, if emi.ssions were reduced across the U.S, to achieve alternative lower ozone 
standards, modeling indicates that there will be a tendency for the 4'*’ highest 8-hour 
concentration to occur not just during the summer when traditionally, anthropogenic ozone 
formation is high, but in some locations, to shift to the spring when the main contributors to 
ozone are background sources. The occurrence of springtime 4‘*' highest 8-hour concentrations is 
already observed at some monitoring sites in the Intermountain West. Background ozone will 
grow in importance across the U.S. as emissions are reduced. At times, violations of proposed 
lower standards will occur during the spring, not just in the western U.S.. but across the entire 
country. 
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2. In your response to questions, you mentioned that there was really only one new study 
that EPA was using to propose a lower standard and that the study only had 31 
participants. Dr. Rice testified that there were lOO’s of studies that indicated a need to 
lower the standard. Conld you please explain why the Administrator appears to be 
focusing on this one study? 

A controlled human exposure experiment published after the last ozone rulemaking in 
2008 appears to be the key study that the Administrator has foeused on for the selection of the 
primary ozone standard. While other controlled human exposure and epidemiological studies 
were also published during this time, the Administrator has decided to focus on the Schelegle et 
al. (2009) study for setting the primary standard. However, before discussing why the single 
controlled human exposure experiment outweighs other studies, I would like to describe the 
history on the science that provides the context for w'hy, among all the studies in the published 
literature, this single experiment stands out. 

With respect to vegetation, it has long been recognized that higher ozone concentrations 
are an important factor when examining exposures affecting plant injury (Heck et ah, 1 966). In 
December 1981, at an informal discussion at the U.S. EPA research laboratory in Corvallis, 
Oregon, I brought up the question on the relative importance of the higher ozone concentrations 
versus mid- and lower-level hourly average values for assessing plant damage resulting in 
economic impact. At that meeting. EPA and I concluded that if the higher hourly average ozone 
concentrations had a greater effect on vegetation damage than the mid- and lower-level values, 
then long-term average concentrations would he an inappropriate index for assessing vegetation 
effects since the highest hourly average concentrations would be averaged out and no longer 
identifiable as the reason for the biological effect. 

Soon after the Corvallis discussion, Lefohn and Benedict (1982) hypothesized that the 
higher hourly average concentrations should be provided greater weight than the mid- and low- 
level values when assessing crop growth reduction. In 1983, Musselman et al. (1983) provided 
experimental evidence supporting this hypothesis. In 1985, Hogsett et al. (1985), researchers at 
the EPA Corvallis Laboratory, applying exposure regimes designed by me, provided additional 
evidence for the importance of the higher hourly average ozone concentrations in affecting 
vegetation. 

Following up on the Lefohn and Benedict (1982) hypothesis and the re,su!ts reported by 
Musselman et al. (1983) and Hogsett et al. (1985), I proposed and developed the Wt26 ozone 
exposure index for predicting vegetation effects. The mathematical approach was de.scribed in 
Lefohn and Runeekles (1987) and the description of the Wl 26 exposure index was presented in 
Lefohn et al. (1988). The W126 index is a weighted cumulative exposure index that provides 
greater weight to the higher hourly average ozone concentrations rather than the mid- and lower- 
level values. In addition, the W126 index does not impose an artificial threshold and is not an 
"average" of several values collected over the course of a short- or long-term time period. The 
W126 weighting scheme, as noted by the EPA (2013), is supported by research results performed 
under controlled conditions, as well as under uncontrolled exposure conditions, such as 
observed in the San Bernardino National Forest in the Los Angeles area. At the San Bernardino 
site, reductions in ozone exposures between 1980 and 2000 w'ere related to improvements in tree 
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conditions. The midrange hourly average ozone concentrations were little changed over this 
period. EPA (2013) suggested it was the reduction in the higher hourly average ozone 
concentrations that was responsible for the improvement in tree health. 

EPA (2013) has concluded, based on a review of the literature, that (1) ozone effects in 
plants are cumulative; (2) higher ozone concentrations appear to be more important than lower 
concentrations in eliciting a response; (3) plant sensitivity to ozone varies with time of day and 
plant development stage; and (4) quantifying exposure with indices that accumulate the ozone 
hourly concentrations and preferentially weight the higher concentrations improves the 
predictive power of exposure/response models for growth and yield, over using indices based on 
mean and other exposure indices. Based on the peer-reviewed literature and its own research 
studies, the Administrator identified the W126 cumulative expo.sure metric as the most 
appropriate to use to evaluate both the adequacy of the current secondary' standard and the 
appropriateness of any potential revisions (Federal Register, 2014 - page 75314). 

Both vegetation effeets research results and peer-reviewed papers describing controlled 
laboratory exposures of human volunteers indicate that higher ozone hourly average 
concentrations elicit a greater effect on hour-by-hour physiologic response than lower hourly 
average values. Similar to the Mussulman et al. (1983) experiment that illustrated the importance 
of the higher concentrations for vegetation effects, Hazucha et al. (1992) showed that higher 
ozone concentrations were important for assessing FEV] lung function responses. In commenting 
on important controlled human exposure studies published in the literature, Hazucha and Lefohn 
(2007) emphasized that the results reported first by Hazucha et al. (1992), followed by Adams 
(2003; 2006a, 2006b), indicate that higher hourly average concentrations elicit a greater effect 
than the lower hourly average values. Lefohn, Hazucha, Shadwick, and Adams (Lefohn et al., 
2010a) reanalyzed data from five controlled human exposure .study experiments as reported by 
Hazucha et al. (1992). Adams (2003, 2006a, 2006b), and Schelegle et al. (2009). Lefohn et al. 
(2010a) were able to develop a cumulative concentration weighted ozone exposure index for 
human exposure (W90). Similar but not identical to the W126 index, the W90 index provides a 
quantitative way to give greater weight to the higher concentrations over the mid- and low-range 
values without having to apply an artificial threshold. 

Having described the importance of the higher ozone concentrations in eliciting adverse 
effects for vegetation and human health, 1 can return to Dr. Rice’s statement that there are 100s 
of studies that indicated the ozone standard should be lowered. Many of the studies she referred 
to in her testimony were associated with morbidity and mortality epidemiological studies. Some 
of these studies used long-tenn average concentrations, which may have resulted in 
miselassifying the ozone eoneentration hypothesized to be responsible for any health effeet 
observed in the respective studies. Some of the other studies she undoubtedly had in mind were 
associated with controlled human exposure experiments, many of w'hich the Administrator did 
not find to be key in her deliberations. Each of these study types is discussed briefly below. 

The EPA Administrator acknowledged, when evaluating the epidemiological and 
controlled human exposure study results, that the higher ozone concentrations were an important 
consideration (Federal Register (2014 - page 75308). She then (Federal Register, 2014 - page 
75288) agreed with the conclusions of the Agency’s Policy Assessment Report (EPA, 2014a) 
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that controlled human exposure studies provided the most certain evidence indicating the 
occurrence of health effects in humans following exposures to specific ozone concentrations. 
Specifically, she recognized that the effects reported in controlled human exposure studies were 
due solely to ozone exposures. In contrast, epidemiological studies incorporate confounding 
factors that may have obscured the cause-effect relationship. New controlled human exposure 
studies published since the 2008 rulemaking, which might provide findings to change the current 
.standard, are Kim (2011) and Schelegle (2009). 

The Administrator noted that controlled human exposure studies report the combination 
of lung function decrements and respiratory symptoms in healthy adults engaged in intennittent, 
moderate exertion following 6.6 hour exposures to concentrations as low as 72 ppb (based on 
Schelegle et ai., 2009), and lung function decrements and pulmonary inflammation following 
exposures to ozone concentrations as low as 60 ppb (based on Kim ct al., 201 1) (Federal 
Register, 201 4 - page 75288). However, the Administrator also notes that a level of 60 ppb is 
below the lowest concentration where the combined occurrence of respiratory symptoms and 
lung function decrements was observed (i.e,, 72 ppb), a combination judged adverse by the 
American Thoracic Society according to the Administrator (Federal Register, 2014 - page 
75302). The Administrator, noting the Kim et al. (201 1) findings, has less confidence that health 
effects would occur below an ozone concentration of 72 ppb. Thus, only one controlled human 
exposure study (i.e., Schelegle et al., 2009) informed the Administrator’s decision as to the level 
of the standard. 

With respect to the epidemiological studies, the Administrator noted that the 
interpretation of studies' results w as complicated by the presence of co-occurring pollutants or 
pollutant mixtures. In addition, she placed less weight on epidemiologic-based risk estimates 
because of key uncertainties about (1) which co-pollutants was responsible for any health effeel 
observed, (2) the heterogeneity in effect estimates between locations, (3) the potential for 
exposure measurement errors, and (4) uncertainty in the interpretation of the shape of 
eoneentration-response functions for ozone concentrations in the lower portions of ambient 
distributions. As noted in the HREA (EPA, 2014b) with respect to the epidemiological studies, 
not differentially weighting the concentration-response functions at higher ozone concentrations 
greater than the mid- and low-level values resulted in small differences in the estimates of 
mortality and morbidity risks as a theoretical effort was made to impose more stringent 
standards. This occurs, as I indicated in my testimony on March 17, 2015, because as shown by 
ElPA's modeling, as well as our trends results, as emissions are reduced to meet lower standards, 
the high end of the concentrations shifts downward (i.e,, reducing mortality) but the low' end of 
the disitribution of concentrations shifts upward (i.e., increasing mortality), resulting in a small 
net benefit. As a consequence of the limitations in the epidemiology studies, the Administrator 
did not use these studies to set the proposed range for the level of the standard. 

As described above, the Administrator (Federal Register, 2014 - page 75304) had little 
confidence that adverse effects would occur following exposures to ozone concentrations below 
72 ppb. With the findings of the epidemiological studies being discounted because of numerous 
uncertainties affecting the interpretation of the results, the Administrator is relying on a single 
study to set the standard. She went on to conclude that a standard level as high as 70 ppb, which 
CASAC concluded could be supported by the scientific evidence, could reasonably be judged to 
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be requisite to protect public health with an adequate margin of safety (Federal Register, 20 1 4 
page 75309). 


3. In your testimony, you proposed that high levels of background in the mid-range 
concentrations would influence the margin of safety that the Administrator will use to 
establish the standard. Could you please expand on how background influences this 
margin of safety? 

The Administrator has proposed an 8-hour ozone human health standard somewhere in 
the range of 65-70 ppb and is taking comment on whether the standard should be set as low as 60 
ppb. As 1 have noted in my response to Question 2, the Administrator (Federal Register, 2014 -- 
page 75288) has clearly focused on the Schelegle et al. (2009) experiment that exhibited a 
combination of lung function decrements and respiratory symptoms at 72 ppb. If the 
Administrator believes that limitations associated with the Schelegle et al. (2009) experiment 
(e.g., see Lefohn, Hazucha, Shad wick, and Adams, 2010a) arc not sufficient enough to prevent 
her from using the results from the experiment, I anticipate that she will combine the Schelegle 
et al. (2009) results with a margin of safety to set the ozone standard. The mortality /morbidity 
(i.e., epidemiological) and lung-function risk estimates, both of which are affected by 
background concentrations, are a part of the margin of safety determination in that the margin of 
safety the Administrator applies represents a cushion below the lowest observed adverse health 
effect that reflects uncertainties in the data. How'ever, when the Administrator applies the margin 
of safety, she should be aware that background ozone contributes a significant amount to the 
ob.served total ozone concentrations for the levels of the standard she is considering. The 
consequences of this large contribution from background are that the margin of safety cushion 
the Administrator has to work with is small and that substantial emission reductions would have 
to be made to attain some of the standard levels she is considering as indicated by EPA (2014b). 

Before detailing my comments on the relationship among background concentrations, 
health riisks, and the margin of safety, 1 would like to mention two points. First, it is important to 
remember that anthropogenically derived ozone is not emitted as a pollutant. Rather, in most 
cases, it is formed from volatile organic hydrocarbon and nitrogen oxide pollutants in the 
presence of sunlight and wann temperatures (i.e., photochemical ozone production). Second, 
background ozone concentrations experienced at anthropogenically influenced sites (e.g., most 
population centers in the U.S.) will rise as emissions are reduced due to the chemistry among 
constituents of the atmosphere. 

Although the Administrator did not rely on the epidemiology studies for proposing the 
levels of the standard (Federal Register, 2014 - page 75288), becau.se ERA modeled health 
effects associated with epidemiological studies arc predicted to occur at low ozone 
concentrations, I will first discuss how background ozone affected the estimated epidemiology- 
based risk assessment as ozone precursor emissions were redueed for 12 urban case study areas. 1 
will preface these comments by noting it is important to understand what happens to ozone 
concentrations when emissions are reduced. Figure 4 (EPA, 2014b) depicts plots whose values 
are based on ambient measurements (base), and values obtained showing attainment of 75, 70, 

65 and 60 ppb .standards. In general, the range of the composite monitor concentration 
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distributions compressed in all 12 urban study areas as the air quality data were adjusted to meet 
lower alternative standard levels. In other words, the lowest values shifted upward, while the 
maximum values shifted downward, as evidenced by the compressed boxes and their respective 
whiskers that occur for each city as we move away from the base or current condition situation. 
This predicted behavior of the patterns estimated using EPA’s modeling is similar to the trending 
patterns observed using empirical data (Lefohn et al., 1998; Oltmans et al., 2006; Lefohn et al, 
2008; Oltmans et al., 2008; Lefohn et al., 2010b; Cooper et al., 2012; Oltmans et al., 2013). 

As indicated in Figure 4, as anthropogenic emissions are reduced to attain the 75, 70, 65, 
and 60 ppb levels, the high and low ends of the ozone concentration distribution shift toward the 
mid-level values (i.e., the box and the whiskers for each city compress towards the midrange 
ozone concentrations). As low ozone concentrations increase due to reduced ozone precursor 
emissions, which destroy ozone, background ozone concentrations increase (Lefohn et al., 2014; 
EPA, 2014a; Dolwick et al., 2015). In other words, background ozone is not a fixed range of 
concentrations, but rather background is a varying range of concentrations, whose values 
increase as anthropogenic emissions are reduced. Less anthropogenic titration of background 
results in increased background levels. Thus, the greater the reduction needed to meet a more 
stringent standard, the greater the increase in background. For high-elevation sites in the western 
U.S. that are not heavily influenced by local or regional anthropogenic emissions, it would not be 
anticipated that ozone concentrations would change much as emissions were reduced elsewhere 
(Lefohn et al., 2014). In reviewing Figure 4, we see that for the anthropogenically influenced 
sites (i.e., all except Denver), a large percentage of the 8-hour average daily maximum 
concentrations (i.e., the range from the ends of each city’s whiskers) occur in the 25-55 ppb 
range when attainment is achieved at the 75, 70. 65 and 60 ppb levels. The range of 
concentrations for the high-elevation site at Denver is greater due to substantial contributions 
from background. Background ozone at most of the sites that are illustrated in Figure 4 is 
bounded within the 25-55 ppb observed ozone range and background makes up a large 
percentage of the hourly average concentrations in this range (Lefohn et al. 2014). 
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Figure 4. Distributions of composite monitor S-hour daily maximum values for April- 
Octobcr 2007 for the 12 urban case study areas in the epidemiology-based risk assessment. 
Plots depict values based on “current” ambient measurements (base), and values obtained 
with the EPA adjustment methodology to attain standards of 75, 70, 65 and 60 ppb. Boxes 
represent the median and quartiles, X’s represent mean values, whiskers extend up to 1.5x 
the inter-quartile range from the boxes, and circles represent outliers. (Source: Figure 4-9 
from EPA (2014b) page 4-24). 
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For the mortality health risk estimates, the background-influenced concentrations in the 
mid-range (i.e., 25-55 ppb) dominate the risk after controlling precursor emissions to meet a 
proposed new standard (Lefohn and Oltmans, 2015). In some cases, 90% or more of the risk 
occurs in the mid-range for cities across the U.S. (Figure 5, the 12 cities included in EPA's 
epidemiological risk analysis). The height of the bars indicates that background ozone 
contributes a large percentage of the total ozone observed in the midrange (Lefohn, 2014) and 
the height increases as the possible new standard becomes more stringent. 

Percent Short-Term Mortality 
Attributable to Oj in the 25-55 ppb Range 
2007 


Background Ozone 
Heavily influences 
the 25-55 ppb 
Range 


■Recent Conditions | 
SCurrentStandaid (75) | 

nAttemativi! Standard (70) | 
CAIternatjve Slattrisrd (65) | 
OAttemative Standard (6D) j 


Figure. 5. Percent short-term ozone-attributable mortality in the 25-55 ppb range for 
various exposure conditions for 2007. (Source: Data from Fig. 7-Bl on page 7-B3 of EPA, 
2014f). 

Therefore, the mortality and morbidity risk estimates reported by EPA that are associated with 
attaining the current, as well as proposed lower standards, are heavily influenced by background 
ozone. 



In my testimony, I stated that the Administrator has placed greater weight on controlled 
human exposure studies and the FEV| lung function decrement risk analyses rather than on the 
epidemiological results (Federal Register, 2014 - page 75288). In investigating the degree to 
which lung function risk estimates are affected by the background-influenced concentrations in 
the mid-range, we used the Air Pollutants Exposure (APEX) model to estimate children's lung 
function decrements under various air quality scenarios, relying on 2007 data for Los Angeles, 
Denver, Houston, Philadelphia, and Bo.ston. For each of the 5 cities, five APEX scenarios (i.e., 
current conditions as of 2007, 75 ppb, 70 ppb, 65 ppb, and 60 ppb) were run. For 3 (i.e., Los 
Angeles, Denver, and Houston) of the 5 cities, we found that a large percentage of the frequency 
of responses was affected by background-influenced mid-range concentrations (Figure 6). While 
the concentrations in the 25-55 ppb range played less of a role in the lung function risk analysis 
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for Philadelphia and Boslon than for the other 3 cities, a great deal of the risk was associated 
with the 25-65 ppb range, especially for the 65 ppb and 60 ppb scenarios. Similar to the 
morbidity and mortality health risk estimates that are heavily influenced by background ozone in 
the 25-55 ppb range, the lung-function risk estimates for Los Angeles, Denver, and Houston also 
appear to be heavily influenced by background concentrations. 

Effectof BachgroundOjOn EPA's Risk Assessment 
Lung Function (FEV,) Decrement' for 25-55 ppbOj 
2007 

100 


UasAngetes Denver Houston Philadelphia Bostton 

Figure 6. The pereentage of the cumulative frequency of responses in children aged 5-18 
associated with the 25-55 ppb range for the Los Angeles, Denver, Houston, Philadelphia, 
and Boston urban study areas using EPA's APEX model. 

A point 1 would like to address is my certainty about the role of background ozone in (1) 
making important contributions to EPA’s human health risk assessments; (2) greatly contributing 
at some sites to exceedances of the ozone standard; and (3) enhancing anthropogenic 
contributions at other sites which result in exceedances of the ozone standard. 

As indicated in iny testimony on March 17, 2015 and in my response to Question 3, 1 am 
confident that background ozone makes an important contribution to EPA’s mortality and 
morbidity ri.sk estimates. For lung function risk estimates, background ozone is an important 
contributor for some cities. 

The evidence for the importance of background ozone in contributing to exceedances of 
lower ozone standards can be found in both empirical as well as modeling results. As indicated 
in my response to Question 1. modeling indicates that as emissions are reduced to attain the 
lower standard levels, many sites may experience violations during the spring. Spring is the time 
w'hen background ozone across the U.S. is highest. Using empirical data, Lefohn et al. (2001) 
showed that at rural sites across southern Canada and the northern U.S., hourly average ozone 
concentrations > 0.05 and > 0.06 ppm occurred frequently during the w'inler and spring months. 
The analysis was concentrated on these higher latitudes during the late winter and spring because 
this is the period of low photochemical ozone production. In some cases, a plausible explanation 
for the higher ozone values was the presence of upper tropospheric and stratospheric air that w as 
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transported down to the surface. Lefohn et al. (2001) indicated that stratospheric processes (i.e., a 
naturally occurring process and therefore, a contributor to background) appeared to play an 
important role in influencing surface ozone concentrations during the winter and spring. 

Yellowstone National Park, a site fairly isolated from anthropogenic sources of ozone, is 
an example of a location where background concentrations greatly contribute to exceedances of 
the proposed standard. The site at times violates a proposed 8-hour ozone standard of 65 ppb. 
Similarly, other sites in the Intermountain West and West would violate a standard in this range 
(see Lefohn and Oltmans, 2015 for Ii,st of peer-review publications). In many instances, 
background ozone greatly contributes to these exceedances. Our international research team 
(Lefohn et ah, 201 1, 2012, 2014), as well as other researchers, have estimated the relative 
importance of natural processes (e,g,, stratospheric intrusions) that play an important role in 
influencing background ozone concentration levels on a daily basis over an entire year. 

Lastly, as I showed in my response to Question 1, as emissions arc reduced across the 
U.S. to meet alternative standards, simulated annual 4th highest (H4 MDA8) concentrations tend 
to shift from predominantly summer month occurrences (i.c., .lime, July, and August) over most 
of the U.S. to a wider range of months, particularly during the spring months. The appearance of 
violations during the spring months, which traditionally exhibit lower ozone concentrations 
compared to the summer months, is an indication that background ozone, which at most high- 
and low-elevation locations is highest during the spring, will be a major contributor to violations 
of the lowered proposed standard at sites across the entire U.S. 

Based on our own modeling efforts, as W'eil as others, combined with trending results 
using empirical data, I am confident of the following: 

• As emissions are reduced, background will increase its contribution to observed 
exceedances of the standard across the entire U.S.; 

• As emissions are reduced, exceedances of lower standards at low-elevation 
anthropogenically affected sites across the entire U.S, will occur during the 
spring, as well as the summer months; 

• As emissions are reduced at low-elevation anthropogenically influenced sites, the 
range of concentrations between the highest and lowest will narrow and the 
number of mid-range concentrations (i.c., 25 - 55 ppb) W'ill increase; 

• As emissions are reduced, the large contribution of background in these mid- 
range concentrations will grow as standards become more stringent; 

• As emissions are reduced, EPA's current estimates of mortality and morbidity 
health risk will be heavily influenced by background ozone; and 

• As emissions are reduced, EPA’s current lung function risk estimates appear to be 
heavily influenced by background ozone in some cities. 
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The margin of safety determination, which is influenced by the Agency’s risk estimates, 
will assist the Administrator in establishing the level of the NAAQS ozone. Background ozone 
contributes to EPA's estimated health risks, as well as influencing the amount of emission 
reductions required to attain a specific standard level. The lower the standard, the greater 
influence background will have on the level of the standard. Sufficient advances have been made 
over the last few years to permit characterizing the range of background ozone concentrations. 
We now better understand quantitatively how background concentrations influence human health 
risk analyses and attainability. We know that background ozone will greatly influence 
attainability in the West and Intermountain West. However, besides concerns about attainability 
in the West, modeling is also show'ing that as emissions are reduced to attain lower standards, 
background ozone, which is highest in the spring at many locations across the U.S., will play an 
even more important role in contributing to exceedances of the standard across the entire U.S. 
during the spring months. Background is a part of the margin of safety consideration. As 
indicated in my response to a question during the March 1 7, 2015 Hearing, because background 
ozone contributes a significant amount to the observed concentrations, substantial emission 
reductions w ill have to be made to attain some of the standard levels that the Administrator is 
considering (EPA, 20 14b). 

For assisting in the further clarification of the importance of background ozone, 1 have 
included as an attachment to my responses the Lefohn and Oltmans (2015) comments that were 
submitted on March 16, 2015 to the Docket ID No. EPA-HQ-OAR-2008-f)699. 


4. In the 2009 New England Journal of Medicine Paper by Jerrett et al (“Long-term ozone 
exposure and mortality”), there is a figure entitled “Exposure-Rc.sponse Curve for the 
Relation between Exposure to Ozone and the Risk of Death from Respiratory Causes.” 
The units of the x-axis are in terms of the “Daily 1-Hr Maximum Ozone Level (ppb).” 
What would happen if the x-axis was based on units of the “Daily 8-Hr Maximum 
Ozone Level (ppb)”? How would if change the conclusion of this figure? What is the 
significance of using the “Daily 8-Hr Maximum Ozone Level”? 

Dr. Rice testified that there is now stronger evidence of increased mortality in association 
with higher ozone levels, particularly among the elderly and those with chronic disease. Dr. Rice 
presented a figure published by Jerrett et al. (2009) in the New England Journal of Medicine that 
she believed demonstrated dose-response relationship between ozone levels and death from 
respiratory causes. She pointed out that there appeared to be a linear relationship between ozone 
eoncentration and risk of respiratory death above levels of 60 ppb. The figure on the next page is 
reproduced from her testimony. 
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Exposure-Response Curve for the Relation between Exposure to Ozone and the Risk of 
Death from Respiratory Causes 



Dr. Rice reproduced the figure from Figure 2 from the Jerrett et al. (2009) paper on page 
1094. The legend for Figure 2 in Jerrett et al. (2009) notes that the curve is based on a natural 
spline with 2 df estimated from the residual relative risk of death within a metropolitan statistical 
area (MSA), according to a random-effects survival model. The dashed lines indicate the 95% 
confidence interval of fit, and the hash marks indicate the ozone levels of each of the 96 MSAs. 

On page 1086, Jerrett et al. (2009) note that ozone data at each monitoring site were 
collected on an hourly basis, and the daily maximum value for the site was determined. All 
available daily maximum values for the monitoring site were averaged over each quarter year. 
The averages of the second (April through June) and third (July through September) quarters 
were calculated for each monitor if both quarterly averages were available. The average of the 
second and third quarterly averages for each year was then computed for all the monitors within 
each metropolitan area to form a single annual time series of air-pollution measurements for each 
metropolitan area for the period from 1977 to 2000. The long-term average ozone concentration 
for each metropolitan area over the 1977 to 2000 time interval ranged from 33.3 ppb to 104.0 
ppb. 

Although it is not clearly indicated on the x-axis of Figure 2 in Jerrett et al. (2009), it 
appears that the evidence (i.e.. Figure 2 from Jerrett et al., 2009) cited by Dr. Rice as indicating 
an effects threshold below 60 ppb is based on the long-term mortality risk relationship described 
by .Terrett et al. (2009). In the Supplement (page 8) to the Jerrett et al. (2009) paper, the authors 
state “Inclusion of 0 ppb in the confidence interval, a value less than the minimum ozone 
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concentration of 33 ppb, indicates that the threshold model is not clearly a better fit to the data 
(p>0.05) than a linear representation of the overall ozone mortality association (see Table 3S 
below).” The reference to the 33 ppb in the Supplement in JciTett et al. (2009) appears to indicate 
to me that the authors used the multi-year seasonal averages of the 1-h daily maximum 
concentrations over the period 1977 to 2000. The form of the NAAQS is associated with the 3- 
year average of the annual 4* highest daily maximum 8-hour average concentration. The 8-hour 
average metric is different from the multi-year long-term average ozone concentration used by 
Jerrett et al. (2009). The use of the multi-year long-tenu average has nothing to do with 
identifying a threshold below a NAAQS level of 60 ppb. The threshold estimate from the .lerrett 
et al. (2009) study cannot be used as evidence to support an 8-hour 60 ppb standard. 

References 

Adams, W.C., 2003. Comparison of chamber and face mask 6.6-hour exposure to 0.08 ppm 
ozone via square-wave and triangular profiles on pulmonary responses. Inhalation 
Toxicology 15: 265-281. 

Adams, W.C., 2006a, Comparison of chamber 6.6-h exposures to 0.04 - 0.08 ppm ozone via 
square-wave and triangular profiles on pulmonary respon.scs. Inhalation Toxicology 1 8, 127- 
136. 

Adams, \V.C„ 2006b. Human pulmonary responses with 30-minute time intervals of exercise 
and rest when exposed for 8 hours to 0.12 ppm ozone via square-wave and acute triangular 
profiles. Inhalation Toxicology 18,413-422. 

Cooper, O.R., Gao, Ru-Shan, Tarasick, D., Leblanc, T., Sweeney, C., 2012. Long-term ozone 
trends at rural ozone monitoring sites across the United States, 1990-20 10. J. Ocophys. Res. 

1 17, D22307. http://dx.doi.org/10.1029/2012JD01826!. 

Dolwick. P., Akhtar, F., Baker, K.. Possiel, N., Simon. H., Tonnesen, G., 2015. Comparison of 
background ozone estimates over the western United States based on two separate model 
methodologies. Atmospheric Environment 109: 282-296, doi: 
10.1016/j.atmosenv,2015.01.005.. http://dx.doi.Org/10.1016/i.atmosenv.2015.01.005 . 

Federal Register. 2014, U.S. Environmental Protection Agency, National Ambient Air Quality 
.Standards for Ozone: Proposed Rule. Vol. 79, Number 242. Pages 75234-75411. December 
17,2014. 

Hazucha. M.J., Lefohn, A.S., 2007. Nonlinearity in human health response to ozone: 
experimental laboratory considerations. Atmospheric Environment 41:4559-4570. 

Hazucha, M.J., Folinsbee, L.J., Seal, E., Jr., 1992. Effects of .steady-state and variable ozone 
concentration profiles on pulmonary function. Am. Rev. Re.spir. Dis. 146: 1487-1493. 

Heck, W.W., Dunning, J.A., Hindawi, LJ., 1966. Ozone: nonlinear relation of dose and injury in 
plants. Science 151. 577-578. 


19 



120 


Hogsett, W.E.,Tingey, D.T., Holman, S.R., 1985. A programmable exposure control system for 
determination of the effects of pollutant exposure regimes on plant growth. Atmospheric 
Environment 19:1 135-1 145. 


Jerrett, M., Burnett, R.T., Pope, C.A., Ito, K., Thurston, G., Krew'ski, D., Shi, Y., Calle, E., Thun, 
M., 2009. Long-term ozone exposure and mortality. The New England Journal of Medicine. 
360(11):1085M895. 

Kim, C.S., Alexis, N.E., Rappold, A.G., Kehrl, H., Hazucha, M.J., Lay, J.C., Schmitt, M.T., 

Case, M., Devlin, R.B., Peden, D.B., Diaz-Sanchez, D., 2011. Lung function and 
inflammatory responses in healthy young adults exposed to 0.06 ppm ozone for 6.6 hours. 
Am. .1. Respir. Crit. Care Med. 183: 1215-1221. http://dx.doi.0rg/IO.l 164/rccm.20101 1- 
18130C. 

Lefohn, A.S., Benedict. H.M., 1982. Development of a mathematical index that describes ozone 
concentration, frequency, and duration. Atmospheric Environment 16:2529-2532. 

Lefohn, A.S., Runeeklcs, V.C., 1987. Establishing standards to protect vegetation - Ozone 
exposure/dosc considerations. Atmospheric Environment 21 :56 1-568. 

Lefohn, A.S., Oilmans, S.J. 2015. Background Ozone and Its Importance to the Proposed 
National Ambient Air Quality Standards for Ozone. Submitted to the Docket ID No. EPA- 
HQ-OAR-2008-0699. March 17, 2015. 

Lefohn, A.S., Lawrence, J.A., Kohut, R.J., 1 988. A comparison of indices that describe the 
relationship between exposure to ozone and reduction in the yield of agricultural crops. 
Atmospheric Environment 22:1229-1240. 

Lefohn, A.S., Shadwick, D.S., Ziman, S.D., 1998. The difficult challenge of attaining EPA's new 
ozone standard. Environmental Science & Technology 32(1 1):276A-282A. 

Lefohn, A.S., Oilmans, S.j., Dann, T., Singh, H.B., 2001 , Present-day variability of background 
ozone in the lower troposphere. J. Geophys. Res. l06(D9):9945-9958, 
doi:10.!029/2000,ID900793. 

Lefohn. A.S., Shadwick, D.. Oilmans, S.J., 2008. Characterizing long-term changes in surface 
ozone levels in the United States (1980-2005). Atmospheric Environment 42:8252-8262. 
http://dx.doi.0rg/lO.lOI6/i.atmosenv.2OO8.O7.O6O . 

Lefohn, A.S., Hazucha, M.J., Shadwick, D., Adams, W.C., 2010a, An alternative form and level 
of the human health ozone standard. Inhalation Toxicology 22:999-1 01 1 . 

Lefohn, A.S., Shadwick, D,, Oilmans, S.J., 2010b. Characterizing changes in the distribution of 
surface ozone levels in metropolitan and rural areas in the United States for 1980-2008 and 


20 



121 


1994-2008. Atmospheric Environment 44:5199-5210. 
http://dx.doi.Org/l 0. 1 0 1 6/i.atmoscnv.201 0.08.049 . 

Lefohn, A.S., Wernli, H., Shadwick, D., Limbach, S., Oitmans, S.J., Shapiro, M., 201 1. The 
importance of stratospheric-tropospheric transport in affecting surface ozone concentrations 
in the Western and Northern Tier of the United States. AtiTio.spheric Environment 45 :4845- 
4857. 

Lefohn, A.S., Wernli, El., Shadwick, D., Oilmans, S.J., Shapiro, M., 2012. Quantifying the 
frequency of stratospheric-tropospheric transport affecting enhanced surface ozone 
concentrations at high- and low-elevation monitoring sites in the United States. Atmospheric 
Environment 62: 646-656. 

Lefohn, A.S., Emery, C., Shadwick, D., Wernli, H., Jung, Oitmans, S.J., 2014. Estimates of 
background surface ozone concentrations in the United States based on model-derived source 
apportionment. Atmospheric Environment 84:275-288. 
http://dx.doi.Org/10.l 016/j.atmosenv.201 3. 1 1.033. 

Musselman, R.C., Oshima, R.J., Gallavan, R.E., 1983. Significance of pollutant concentration 
distribution in the response of 'red kidney' beans to ozone. J. Am. Soc. Hortic. Sci. 108:347- 
351. 

Oitmans, S.J., Lefohn, A.S.. Harris, J.M., Galbaily. L, Schecl. H.E., Bodeker. G., Brunke, E., 
Claude, H., Tarasick. D., .lohnson. B.J., Simmonds, P.. Shadwick, D„ Anlauf, K,, Hayden, 

K., Schmidlin, F.. Fujimoto, T., Akagi, K,, Meyer, C., Nichol. S., Davies, J., Redondas, A., 
Cuevas, E., 2006. Long-term changes in tropospheric ozone. Atmospheric Environment 40: 

3 1 56-3173. http :// dx.doi .Org/10.101 6/i.at mosenv.2006.01 .029. 

Oitmans, S.J., Lefohn, A.S., Harris, J.M.. Shadwick, D.S., 2008. Background ozone levels of air 
entering the west coast of the U.S. and assessment of longer-temi changes. Atmo.spheric 
Environment 42: 6020-6038. http://dx.doi.0rg/lO.lOl6/j. atmosenv.2()08. 03. 034. 

Oitmans, S.J., Lefohn, A.S., Shadwick, D., Harris, J.M., Scheel, H.-E., Galbaily, 1., Tarasick, 
D.A., Johnson, B.J., Brunke, E., Claude, H., Zeng, G., Nichol, S., Schmidlin, F., Redondas, 
A., Cuevas, E., Nakano, T,, Kawasato, T., 2013. Recent tropospheric ozone changes - A 
pattern dominated by slow or no growth. Atmospheric Environment 67:33 1 - 
35Ldoi:10.1016/j.atmosenv.2012.1 0.057. 

Schclegle, E.S., Morales, C.A.. Walby, W.F., Marion, S., Allen, R.P., 2009) 6.6-hour inhalation 
of ozone concentrations from 60 to 87 ppb in healthy humans. Am. J. Respir. Crit. Care Med. 
180:265-272. 

U.S. Environmental Protection Agency, US EPA, 2007. Guidance on the use of models and other 
analyses for demonstrating attainment of air quality goals for ozone, PM2.5, and regional 
haze. EPA-454/B-07-002. 


21 



122 


U.S. Environmental Protection Agency, 2013. Integrated Science Assessment for Ozone and 
Related Photochemical Oxidants. EPA/600/R-10/076F. Research Triangle Park, NC: Office 
of Research and Development. February. 

U.S. Environmental Protection .Agency, US EPA, 2014a. Policy Assessment for the Review of 
the Ozone National Ambient Air Quality Standards. Final Report. EPA-452/R- 14-006. 
Research Triangle Park, NC: Office of Air Quality' Planning and Standards. August. 

U.S. Environmental Protection Agency, US EPA, 2014b. Health Risk and Exposure Assessment 
for Ozone. Final Report. EPA-452/R-14-004a. Research Triangle Park, NC: Office of Air 
Quality Planning and Standards. August. 

U.S. Environmental Protection Agency, US EPA, 2014c. Health Risk and Exposure Assessment 
for Ozone. Final Report. Chapter 4 Appendices. EPA-452,tR-l 4-004b. Research Triangle 
Park, NC: Office of Air Quality Planning and Standards. August. 

U.S. Environmental Protection Agency, US EPA, 2014d. Regulatory Impact Analysis of the 
Proposed Revisions to the National Ambient Air Quality Standards for Ground-Level Ozone. 
U.S Environmental Protection Agency, Research Triangle Park, NC (EPA-452/P- 14-006 
November 2014). http://epa.gOv/glo/actions.html#nov2014. 

U.S. Environmental Protection Agency, US EPA, 2014e. Modeling Guidance for Demonstrating 
Attainment of Air Quality Goals for Ozone, PM2.5, and Regional Haze. Draft (December 
2014). http://www.eDa. gov/scramOO I /uuidance/guide/Dra ft 03-PM - 
RH Modeling Guidance-20l4.pdf . 

U.S. Environmental Protection Agency, US EPA, 201 4f Health Risk and Exposure Assessment 
for Ozone. Final Report. Chapters 7-9 Appendices. EPA-452/R-14-004e. Research Triangle 
Park, NC: Office of Air Quality Planning and Standards. Augu.st. 

Yarwood, G., Emery, C., .lung, J., Nopmongcol, U., Sakulyanontvittaya, T., 2013. A method to 
represent ozone response to large changes in precursor emissions using high-order sensitivity 
analysis in photochemical models, Geosci. Model Dev., 6, 1601-1608, doi: 10.51 94/gmd-6- 
1601-2013. 


22 



123 


Appendix A 

Details of the ENVIRON Modeling for Assessing Seasonal Variability of Violations 

For the Regulatory Impact Analysis (RIA), EPA (201 4d) ran CAMx employing the 
CB6r2 photochemical mechanism. This is allowed because CB6r2 is backward-compatible with 
CB05 emissions. However, ENVIRON’s modeling was conducted using CB05. Additionally, 
ENVIRON removed w'ildfire emi.ssions from this analysis. Fire activity in 201 1 was extensive 
and widespread throughout the western U.S. (especially Mexico, Arizona, New Mexico, 
Oklahoma and Kansas), and likely unreprettentative of a “normal" year. EPA extended 201 1 fire 
emissions estimates to the 201 8 and 2025 future year inventories without modification. 
ENVIRON’s initial NOx reduction modeling exhibited little response in ozone Design Values 
(DV) in fire-affected areas, resulting in the need to remove nearly 100% of anthropogenic NOx 
in these states to reach the 60 ppb standard. ENVIRON’s decision to remove this .source reduced 
potential single-year biases in future year projections of ozone air quality. 

Modeling for the year 2018 employed the Higher-order Decoupled Direct Method 
(HDDM) to estimate state-level NOx reductions neces.sary to meet 60 and 70 ppb ozone 
alternative standards throughout the U.S. The HDDM modeling followed the methodology 
developed by Yarwood et al. (2013). FTDDM generated 2"’*-order “sensitivities", i.e. the non- 
linear rate of ozone change per change in nationwide NOx emissions, at every model grid cell 
(12 km resolution) and for every hour of the annual simulation. ENVIRON held VOC emissions 
constant at projected 2018 estimates and only reduced NOx. Similarly to EPA’s approach in the 
RIA, California and Texas were split to more appropriately account for sub-regional emission 
influences in these expansive states. Once a state-level NOx inventory was identified that was 
projected (via HDDM) to approach the target ozone standard at most monitoring sites across the 
U.S., CAMx was run in “brute force" mode with those NOx reductions to confirm compliance. 
Since HDDM is not exactly equivalent to “brute force" simulations, two iterations of CAMx 
simulations were necessary to refine the NOx estimates. 

Simulated daily baseline (201 1) MDA8 ozone and 201 8 ozone projections from State- 
level NOx reductions were supplied to EPA’s Modeled Attainment Test Software (MATS). 
MATS calculated “relative response factors” (RRF) from the baseline and projected MDA8 at 
each active AQS and CASTNET monitoring site (as of 20 13) throughout the conterminous U.S., 
and applied the RRF to each site's 3-year average design value (DV) centered on 201 1 (i.e., the 
average DV from 2009-201 1, 2010-2012, and 201 1-2013 DV). MATS reported projected DV at 
each active site, along with interpolated DV across the modeling grid. This approach is 
equivalent to the methodology followed by EPA in the RIA. However, EPA used the late.st 
version of MATS that conforms to recently issued modeling guidance (EPA, 2014e), whereas 
ENVIRON’s analyses continued with the previous version of MATS that conforms to the 
original 2007 modeling guidance (EPA, 2007). Final CAMx runs were conducted to iterate on 
achieving a 3-year average DV of 60 and 70 ppb (±2 ppb) at the peak site in each state. While 60 
ppb was achieved at all but a handful of monitoring sites, the spatially interpolated DV continued 
to exceed the 60 ppb standard in wide areas of the west. Final DVs above 60 ppb are attributed 
to background ozone sources, including inter-continental transport (via model boundary 
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conditions), stratospheric intrusions, fires in Mexico, and off-shore sources that were not reduced 
(e.g., shipping, off-shore O&G production, etc.). 

The largest remaining exceedances in the western U.S. are attributed to background 
sources. In the final iteration of the NOx inventory, additional NOx reductions were estimated 
for several western States via extrapolation between multiple brute force NOx iterations. 
Additional NOx reductions were applied in West Texas and New Mexico; however, the state- 
wide peak DV did not change from 66 ppb in West Texas, and marginally changed by 2 ppb in 
New Mexico. Extrapolation for other western States indicated that more than 100% NOx 
reductions would have been neces.sary to achieve DVs of 60 ppb in California, Colorado, and 
Wyoming. Given the stiffness in DV ozone response from these results, no additional NOx 
reductions were considered. 
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Executive Summary 
ES-1. Our Conclusions 

Based on information published in the literature and by EPA (2014a.b,c,d,e,f), we 
conclude the following: 

• As emissions are reduced, background will contribute more to observed 
exceedances of the standard; 

• As emissions are reduced, the range of concentrations between the highest and 
lowest will narrow and the number of mid-range concentrations (i.e., 25 -55 ppb) 
will increase; 

• The large contribution of background in the mid-range will grow as proposed 
standards become more stringent; 

• As emissions are reduced, EPA’s cumulative mortality and morbidity health risk 
will be heavily influenced by background Oj; 

• As emissions are reduced, EPA’s cumulative lung function risk estimates appear 
to be heavily influenced by background O 3 in some cities; and 

• The margin of safety determination, which is tightly linked with risk estimates, 
will guide the Administrator in establishing the level of the NAAQS O3. The 
margin of safety is influenced by background O3. 
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ES-2. Why is Background Ozone Important in the Standard-Setting Process? 

The U.S. EPA is proposing standards (Federal Register, 2014) at levels where resulting 
concentrations will be heavily influenced by background ozone (O 3 ). EPA notes in its Policy 
Assessment document (EPA, 2014a; page 1-27) that EPA staff did not consider proximity to 
background O? concentrations. However, EPA staff acknowledged that the Administrator, when 
evaluating the range of possible standards that are supported by the scientific evidence, could 
consider proximity to background O 3 concentrations as one factor in selecting the appropriate 
standard level (EPA, 2014a, page 1-27; Federal Register, 2014, page 75242). In its 1997 
decision, EPA (Federal Register, 1997 page 38868) noted that a standard set at a level of 0.07 
ppm would be closer to peak background concentrations that infrequently occur in some areas 
due to non-anthropogenic sources of O 3 precursors and the Agency set the O 3 NAAQS at 0.08 
ppm. 


EPA (Federal Register, 2014 page 75383) agrees that there is no question that as the 
levels of alternative prospective standards arc lowered, background will represent increasingly 
larger percentages of total O 3 levels and may subsequently complicate efforts to attain these 
standards. If lower standard levels were promulgated, background will increase and exceedances 
will become more common. Exceedances of lower proposed standards at times may be 
associated with natural stratospheric-dominaled enhancements to observed surface O 3 
concentration (i.e., episodes), w'hile at other times exceedances may be associated with natural 
stratospheric-contributed enhancements combining with other sources, such as anthropogenic 
emissions. 

Background O 3 is continually contributing to observed concentrations that influence 
human health and vegetation risk estimates across the entire U.S. The EPA Administrator utilizes 
controlled human exposure studies and mortality/morbidity and lung-function risk estimates for 
assessing the health impact of O 3 . This information is used to establish the level of the primary 
standard. The controlled human exposure studies provide the Administrator with an initial 
consideration for the level at which the health standard could be set. The risk estimates provide 
further clarification to the Administrator for refining her initial consideration and provides a 
margin of safety associated with her final decision on the O 3 NAAQS, In order to make an 
informed decision on the level of the O 3 health standard, it is important that the EPA 
Administrator recognize the relative importance of background O 3 and how it relates to observed 
O 3 levels. 


ES-3. What Happens to Ozone Concentrations When Emissions are Reduced to Attain the 
Proposed Ozone Standards? 

Simulation of just meeting the existing and proposed O 3 standards has been estimated by 
the EPA by adjusting hourly O 3 concentrations measured over the O 3 season using a model- 
based adjustment methodology that estimates O 3 sensitivities to precursor emissions changes 
(EPA, 2014a). Efforts to control O 3 by reducing its precursor emissions will not only have the 
desirable effect of reducing peak O 3 concentrations, but will cause the low level concentrations 
to shift upward. This is to he expected and was discussed in Lefohn et al. (1998) and reported by 
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several investigators using empirical data (Oltmans et al., 2006; Lefohn et al., 2008; Oltmans et 
al, 2008; Lefohn et al., 2010; Oltmans et al., 2013). The result is that O 3 concentrations in the 
mid range (i.e., 25-55 ppb) will become more frequent. Background O 3 makes up a large 
percentage of the observed O 3 in this range (Lefohn et al., 2014). EPA (20 1 4b,c) reports that the 
mid-range concentrations (25-55 ppb) dominate the Agency’s mortality risk estimates. 


ES-4. What is EPA's Conclusion about the Relative Importance of Background Ozone? 

The EPA (2014a) reports that background O 3 makes up a relatively large percentage (e.g., 
70 to greater than 80%) of the total seasonal mean O 3 in locations within the intermountain 
western U.S. and along the northern and southern U.S. border over the April-October period 
(orange and red circles) (Fig. ES-1). For many low-elevation sites in the West, the contribution 
of background ranges from 50% to greater than 80% (EPA, 2014a; Dolwick et al., 2015). For the 
remainder of the U.S., from 50% to greater than 80% consists of background (Green-, yellow-, 
orange- and rcd-colored circles). Our own published findings (Lefohn et ah, 2014) agree w ith 
EPA's conclusions. 



Fig. ES-1. Map of site-specific ratios of apportionment-based U.S. background to 
•seasonal mean O3 (April-October) based on 2007 CAMx source apportionment modeling. 
(Source: page 2-22 of EPA's Policy Assessment Document (EPA, 2014a)). 


ES-5. How Much Does Background Ozone Contribute Within Specific Concentration 
Ranges? 

Yellowstone National Park, located in Wyoming, is an excellent reference site to identify 
the characteristics of background, Yellowstone is dominated by background O 3 throughout the 
year with minor anthropogenic contributions (Lefohn et al., 20 1 4). At this site, background 
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contributes greater than 80% to the current observed O 3 concentrations (Fig. ES-2), including the 
mid-range (25-55 ppb), which is an important range of concentrations that affect human health 
risk estimates. 


Anthropogenic and Emissions-influenced Background 
(EIB) Contributions to Total Ozone Concentration 
Yellowstone NP,WY 
Data for the Year 2006 
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Fig. ES-2. Binned (5 ppb) frequency distribution of observed hourly total O 3 (black curve; 
right axi.s) and average relative binned contributions of hourly EIB and anthropogenic O3 
(bars; left a.\is) for Yellowstone NP. (Source: Lefohn et al., 2014). 

For Denver, Colorado, the contribution of background is more than 50% across all 
concentrations and within the mid-range concentrations, background contributes approximately 
75 to 80% (Fig. ES-3). For many of the low-elevation sites across the U.S., the contribution of 
background is 50% and higher for the mid-range (Lefohn et al. 2014). For Los Angeles, a site 
heavily influenced by anthropogenic emissions, background contributes 60-80% in the mid- 
range (Fig. ES-4). 
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Anthropogenic and Emissions-Influenced Background 
(EIB) Contributions to Total Ozone Concentration 
Denver, CO 
Data for the Year 2006 
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Fig. ES-3. Binned (5 ppb) frequency distribution of observed hourly total O 3 (black curve; 
right axis) and average relative binned contributions of hourly EIB (blue) and 
anthropogenic (red) O 3 (bars; left axis) for ambient conditions in 2006 at Denver, 
Colorado. (Source: Lefohn et al., 2014). 


Anthropogenic and Emissions-Influenced Background 
(EIB) Contributions to Total Ozone Concentration 
Los Angeles, CA 
Data for the Year 2006 
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Fig. ES-4. Binned (5 ppb) frequency distribution of observed hourly total O 3 (black curve; 
right axis) and average relative binned contributions of hourly EIB (blue) and 
anthropogenic (red) O3 (bars; left axis) for ambient conditions in 2006 at Los Angeles, 
California. (Source; Lefohn et al., 2014). 
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ES-6. What is EPA’s Position about Exceedances of More Stringent Standards? 

EPA's position is that exceedances of more stringent standards caused by background 
will be relatively infrequent and thus, the Agency will be able to exclude air quality monitoring 
data from design value calculation (Federal Register, 2014 page 75242). The EPA cites its work 
to reduce international transport of O 3 and other pollutants that contribute to background O 3 
levels under the Convention on Long-Range Transboundary Air Pollution (LRTAP) of the UN 
Economic Commission for Europe, as well as other international efforts, will lead to reductions 
of background O 3 (Federal Register, 2014 page 75372). 

However, EPA's position on controlling background is not necessarily well established 
and overlooks the relative importance of the contribution to background O 3 from long-range 
transport of anthropogenic emissions versus natural stratospheric intrusions. The dominant 
contribution from the stratosphere in compari.son to other sources of background suggests that 
international emission reductions may not be an effective tool for reducing background O3 (Lin 
et al, 2012a, 2012b; Langford et al., 2014) and raises questions as to how effective exceptional 
event categorization and procedures for establishing such an event will be in excluding air 
quality monitoring data that fall in the 65-70 ppb MDA 8 range, especially at sites in the western 
U.S. Most of the events that might currently be classified as exceptional events under the current 
MDA 8 standard of 75 ppb or under the proposed stricter standard appear to have a substantial 
contribution from O 3 with an initial source in the stratosphere (Lefohn et al., 2014; 2015). As 
noted in Langford et al. (2014) from a recent research field investigation in Clark County, 
Nevada “exceedances of the NAAQS (for a 65 ppb standard) generated by high background 
concentrations and stratospheric intrusions would have occurred on 60% of the days during 
LVOS (Las Vegas Ozone Study), making these events the rule rather than the exception.’’ In the 
only documented case accepted by the EPA of an exceptional event attributed to substantial 
stratospheric influence, a document exceeding 100 pages was filed The practicality of submitting 
100 page documents each time an exceedance of the standard occurs that is associated with 
natural stratospheric intrusions is questionable. 

Potential strategies, such as international agreements to control emissions contributing to 
long-range transport of O 3 that produce high background O3. do not hold up to careful scrutiny. 
Results published in the literature indicate large discrepancies in the attribution of the levels of 
Asian pollution O 3 to background These discrepancies are a topic that requires further 
research. It is unclear what effect international emission reductions would have on surface O 3 
concentrations in the U.S. Results published in the peer-reviewed literature indicate that natural 
stratospheric intrusion enhances surface O 3 4-5 times greater than O 3 associated with the long- 
range transport from Asia. Therefore, it is unclear if background O 3 could be substantially 
reduced because of the contribution from uncontrollable, natural sources of O3. 


ES-7. How does background influence the EPA’s human health risk estimates? 

The EPA Administrator utilizes controlled human exposure studies and 
mortality/morbidity and lung-function risk estimates for assessing the health impact of O 3 . This 
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infonnation is used to establish the level of the primary standard. The mid-range concentrations 
currently measured, which are heavily influenced by background, play an important role in 
human health risk estimates. As O 3 precursor emissions are reduced to meet more stringent 
standards, EPA (2014b) notes that O 3 concentrations in the mid-range will occur more frequently 
and therefore, play even a more important role in the risk estimates. 

For the mortality health risk estimates, the background-innueneed concentrations in the 
mid-range dominate the cumulative risk (Fig. ES-5). In some cases, 90% or more of the 
accumulated risk occurs in the mid-range for cities across the U.S. 'The figure illustrates this for 
seven cities. Similar results occur for the remaining 5 cities used in the epidemiological risk 
analyses. 


Percent Short-Term Mortality 
Attributable to O 3 in the 25-55 ppb Range 
2007 



Backgroimd Ozone 
Heavily influences 
the2S<55ppb 
Range 
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Fig. ES-5. Percent short-term 03 -attributable mortality in the 25-55 ppb range for various 
exposure conditions for 2007. (Source: Data from Fig. 7-Bl on page 7-B3 of EPA, 2014e). 

The Administrator has placed greater weight on controlled human exposure studies and 
the FEVI lung function decrement risk analyses rather than on the epidemiological results 
(Federal Register, 2014 page 75288). We investigated the degree to which lung function risk 
estimates are affected by the background-influenced concentrations in the mid-range. The Air 
Pollutants Exposure (APEX) model was used to estimate children's lung function decrements 
under various air quality scenarios using 2007 data for Los Angeles, Denver, Houston, 
Philadelphia, and Boston. For each of the 5 cities, five APEX scenarios (i.e., current conditions 
as of 2007, 75 ppb, 70 ppb, 65 ppb. and 60 ppb) were run. For 3 (i.e., Los Angeles, Denver, and 
Houston) of the 5 cities, we found a large percentage of the cumulative frequency of responses 
was affected by background-influenced mid-range concentrations (Fig. ES- 6 ). While the 
concentrations in the 25-55 ppb range played less of a role in the cumulative lung function risk 
analysis for Philadelphia and Boston than for the other 3 cities, a great deal of the accumulated 
risk was associated with the 25-65 ppb range, especially for the 65 ppb and 60 ppb scenarios. 
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Similar to the morbidity and mortality health risk estimates that are heavily influenced by 
background O3 in the 25-55 ppb range, the cumulative lung-function risk estimates for Los 
Angeles, Denver, and Houston also appear to be heavily influenced by background 
concentrations. 


Effect of Background Oj on EPA's Risk Assessment 
Lung Function (FEV,) Decrement* for 25-55 ppb O 3 
2007 


100 



Fig. ES-6. The percentage of the cumulative frequency of responses in children aged 5-18 
associated with the 25-55 ppb range for the Los Angeles, Denver, Houston, Philadelphia, 
and Boston urban study areas using EPA’s APEX model. 


ES-8. Final Comment 

As we have discussed above, we believe that background O3 should be a serious 
consideration w'hen evaluating the evidence for setting the O3 NAAQS for the protection of 
human health across the entire U.S. Background O3 is much more than a regional attainment 
problem in the West and Intermountain West. The EPA Administrator utilizes 
mortality/morbidity and lung-function risk estimates to provide her with a refinement of her 
initial consideration of the O3 NAAQS based on controlled human exposure studies. These risk 
estimates provide key information for assessing the margin of safety that is overlaid with results 
from the human exposure studies. In order to make an informed decision on the level of the O3 
health standard, it is important that the EPA Administrator recognize the importance of 
background O3 and how it influences the margin of safety. 
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1. Background and Why It Is Important for the Ozone Standard-Setting Process 

The U.S. EPA is proposing standards (Federal Register, 2014) at levels where resulting 
concentrations will be heavily influenced by background ozone (O 3 ). EPA notes in its Policy 
Assessment document (EPA, 2014a; page 1-27) that EPA staff did not consider proximity to 
background O 3 concentrations. However, EPA staff acknowledged that the Administrator, when 
evaluating the range of possible standards that are supported by the scientific evidence, could 
consider proximity to background O 3 concentrations as one factor in selecting the appropriate 
standard level (EPA, 2014a, page 1-27; Federal Register, 2014, page 75242). In its 1997 
decision, EPA (Federal Register, 1997 page 38868) noted that a standard set at a level of 0.07 
ppm would be closer to peak background concentrations that infrequently occur in some areas 
due to non-anthropogenic sources of O 3 precursors. EPA (Federal Register, 2014 page 75383) 
agrees that there is no question that as the levels of alternative prospective standards are lowered, 
background will represent increasingly larger percentages of total O 3 levels and may 
subsequently complicate efforts to attain these .standards. 

At times, background is responsible for the high concentrations observed in the U.S. 
Intennountain West that affects attainability of O 3 air quality standards (Lefohn et al., 2001; 
Langford et al., 2009; McDonald-Bulleret al., 2011; Lin et al., 2012a; Langford et al, 2014). In 
addition, background O 3 is a contributor on a continuous basis to observed concentrations that 
influence human health and vegetation risk estimates across the U.S. These risk estimates 
influence the EPA Administrator's recommendation for federal O 3 standard levels (McDonald- 
Buller et al., 2011; EPA, 2014a, 2014b; Federal Register, 2014). Exceedances of the O 3 standard 
at times may be associated with natural stratospheric-dominated enhancements to observed 
surface O 3 concentration (i.e., episodes), while at other times exceedances can be associated with 
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natural strutospheric-contributed enhancements that combine with other sources, such as 
anthropogenic emissions. In order to make an infonned decision on the level of the O 3 health 
standard, it is important that the EPA Administrator recognize the relative importance of 
background O 3 and how it relates to observed O 3 levels. Background O 3 affects the (1) human 
health risk estimates, (2) attainability of Federal O 3 standards, and (3) benefits accrued from 
possible emission reductions. 

As indicated in our written communieations to the EPA and CA.SAC (Lefohn and 
Oltmans 2012; 2014a,b,c,d,e), background provides a significant contribution to observ'ed O 3 and 
plays a major role in influencing health risk estimates, as well as attainment of O 3 National 
Ambient Air Quality Standards (NAAQS). The EPA Administrator utilizes controlled human 
exposure studies and mortality/morbidity and lung function risk estimates for assessing the 
health impact of O 3 . The controlled human exposure studies provide the Administrator with an 
initial indication of the level at which the health standard could be set. The risk estimates provide 
further clarification to the Administrator for refining her initial consideration and provide a 
margin of safety associated with her final decision on the O 3 NAAQS. It is imperative that the 
Administrator be aware and take into consideration to what degree background O 3 affects risk 
estimates used in her margin of safety considerations. 

2. The Definitions of Background Ozone 

In 2006, the EPA used models to define background O 3 . EPA (2006) defined North 
American background (NAB) O 3 (previously referred to as Policy-Relevant Background by the 
EPA) to include contributions from global anthropogenic and natural sources in the absence of 
North American (i.e., U.S., Canada, and Me.xico) anthropogenic emissions. The level of NAB O 3 
defined the concentration or range of concentrations that EPA believed would be experienced if 
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the United States and other countries in North America were to initiate a zero emissions strategy. 
In 2013, EPA (2013) introduced the terminology U.S. background (USB) O 3 concentrations by 
including anthropogenic contributions from Canada and Mexico. The difference associated with 
the hypothetical estimates of NAB O 3 and USB O 3 is small (EPA, 2013). 

Recognizing that NAB O 3 and USB O 3 are estimated background concentrations that 
reflect hypothetical zero anthropogenic emissions, in late 2013, Lefohn et al. (2014) estimated 
background O 3 levels under current anthropogenic emission conditions. Lefohn et al. (2014), 
using source-apportionment based modeling, referred to these background estimates as 
Emissions-Influenced-Background (ElB) O3. In August 2014. EPA (2014a) described estimates 
of source-apportionment U.S. Background (USBab), which is similar to the EIB O 3 concept 
introduced in late 2013 by Lefohn et al. (2014). Both the estimates by Lefohn et al, (2014) and 
EPA (2014a) reflect background concentrations under current emissions-influenced conditions. 
EPA (2014a) notes that the strength of the source-apportionment approach is that it provides a 
direct estimate of the amount of O 3 contributed by each source category, while avoiding artifacts 
caused by non-linearity in the chemistry, which is a potential with the zero emissions (i.e., zero- 
out) modeling used to estimate NAB O 3 and USB O 3 concentrations (EPA, 2014a). Estimates of 
both background EIB O 3 and USBab concentrations are equal to or less than estimated theoretical 
values using zero regional emissions (i.e., NAB O 3 and USB O 3 ). One important advantage of 
using both EIB O 3 and USBab background estimates is that the estimates provide the EPA 
Administrator and other policy makers with an indication of (1) the relationship between current 
daily background levels and daily observed O3 concentrations and (2) whether emission 
reductions strategies might result in lowering observed O 3 levels at specific locations. For 
example, if EIB O 3 or USBab O3 concentrations make up a large percentage of the observ'ed O3 
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concentrations at a specific site, one would anticipate that emission reductions on a regional 
scale would not have much impact on exposures at this site. 

3. Estimated Ranges of Background Ozone Concentrations and the Percentage of 

Background Ozone in Observed Concentrations across the U.S. 

Prior to 2006, O 3 measurements from remote monitoring sites were used to estimate 
background. EPA (1996) estimated that hourly average summer background concentrations were 
in the range of .30-50 ppb and used an average background of 40 ppb in its risk analyses. In 2006, 
EPA (2006) cited the work of Fiore et al. (2002, 2003), who applied the GEOS-Chem global 
model to estimate a much lower mean background concentration in the 15-35 ppb range. Lefohn 
et al. (2014) note that high-elevation sites in the Intermountain West, as well as some sites in the 
West, experience background levels as high as 8 -hour maximum concentrations of 85 ppb. 
Lefohn and Oltmans (2012; 2014a,b,c,d,e) noted that background O 3 at low-elevation sites across 
the U.S. makes up a large percentage of observed O 3 over the range of 25-55 ppb, which is an 
important range of concentrations that influence the human health risk e.stimates. A detailed 
discussion of background is provided in Appendix A. 

Background O 3 is a persistent feature in the spring and early summer across the U.S. and 
is likely not easily identifiable as exceptional events but rather as continuous contributions to 
surface O 3 concentrations that affect both attainment of the standard, as well as human health 
risk estimates. Published work (Zhang et al., 2011; Emery et al,, 2012; Lin et al., 2012a, 2012b; 
Lefohn et al. 2014; Fiore et al., 2014; Langford et al., 2014; Dolwick et al., 2015) and ongoing 
research (Lefohn et al., 2015) quantify the important contribution that background O 3 makes to 
O 3 concentrations. Lefohn et al. (2014) note that background O 3 contributes a major portion to 
total O 3 for most sites across the U.S., especially during the spring. At western high-elevation 
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sites, the contributions of daily background to total O 3 are usually greater than 70% over the 
entire year (Lefohn et ah, 2014). Recent estimates by Dolwick et al. (2015) quantifying the 
importance of background at high-elevation sites in the western U.S. for the April-Octobcr 2007 
period agree with conclusions reached by Lefohn et al. (2014). For many of the low-elevation 
sites across the U.S., the contributions of background are 50% and higher during non-summer 
months. Dolwick et al. (2015) report that for low-elevation sites in the western U.S., background 
O 3 contributes 40-60% to the highest 8 -hour concentrations (i.e., top 1 0% values) (see light blue 
and green circles in Fig. 1 ). In some cases, the contribution is greater than this range for low- 
elevation sites (see yellow, orange, and red circles in Fig. 1). 



Fig. 1. CAMx-estimated USBab ozone fractions at monitoring locations across the western 
U.S. for the period April - October 2007, on base model days with MDA8 ozone > 90*'’ 
percentile levels. (Sonrce: Dolwick et al., 2015). 
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Under current conditions, EPA (2014a) recently concluded in its Policy Assessment 
document (PA) that a large percentage (i.e., >50%) of 8-hour average concentrations measured 
across the U.S. consists of background O3 based on the seasonal mean over the April-October 
period (see green, yellow, orange, and red colored circles in Fig. 2). At sites in the West, 
Intermountain West, and the Northeast, background contributes > 70% to observed 
concentrations (see orange and red colored circles in Fig. 2). These EPA observations (EPA, 
2014a) agree with the conclusions published by Lefohn et al. (2014), Dolwick et al. (2015), 
recently summarized the EPA (2014a) findings, confirms the importance of background Oj at 
both high- and low-elevation sites in the western U.S. 



Fig. 2. Map of sitc-specific ratios of apportionment-based U.S. background to 
seasonal mean O 3 (April-October) based on 2007 CAMx source apportionment modeling. 
(Source: page 2-22 of EPA's Policy Assessment Document (EPA, 2014a)). 

One of the important aspects of background O3 is the contribution it makes to different 
ranges of the observed O3 concentration distribution (i.e., at low concentrations, at mid 
concentrations, and at high concentrations). For the consideration of the attainment of the O3 
standard, as well as estimated human health risk assessments, the percent contribution of 
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background O 3 to observed O 3 levels across the entire distribution of observed concentrations is 
important. Lefolin et al. (2014) investigated the percentage that background O 3 contributes to all 
observed concentrations. At high-elevation sites in the Intermountain West, the authors reported 
that the highest observed O 3 concentrations were influenced by over 90% background O 3 . EPA 
(2014a) and Dolwick et al. (2015) noted similar percentage patterns (please see orange and red 
circled sites in Fig. 1 for the Tntermountain West region). 

For Yellowstone National Park (NP), Fig. 3 illustrates the contribution of background O 3 
to total observed concentrations by concentration range. Lefohn et al. (2014) reported that 
Yellowstone NP in Wyoming was dominated by background O 3 throughout the year with minor 
anthropogenic contributions. The figure illustrates that background O 3 estimates for Yellowstone 
NP contribute in general greater than 80% to the observed O 3 concentrations measured across the 
entire distribution of hourly average O 3 concentrations. The figure illustrates the modeled 
contributions of hourly background to the total O 3 . The frequency distribution (black curve) of 
the hourly average concentrations is represented by the black curve. The relative contribution of 
background (blue bar) to anthropogenic (red bar) is shown in the figure. At the highest 
concentrations, the contribution of background O 3 is greater than 95% of the total O 3 observed. 
Lefohn et al. (2014) note that the highest O 3 concentrations at this site appear to be associated 
with natural stratospheric intrusions. For the mid-range concentrations (25-55 ppb), the 
contribution of hourly background O 3 to total observed O 3 is greater than 80%. At the lower 
concentrations (i.e, below 25 ppb), the contribution of background O 3 is greater than 75%. 
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Anthropogenic and Emissions-influenced Background 
(EIB) Contributions to Totai Ozone Concentration 
Yellowstone NP,WY 
Data for the Year 2006 
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Fig. 3. Binned (5 ppb) frequency distribution of obsetred hourly total O 3 (black curve; 
right axis) and average relative binned contributions of hourly EIB and anthropogenic O 3 
(bars; left axis) for Yellowstone NP. (Source: Lefohn ct al., 2014). 

Figure 4 illu.stratcs the results from Lefohn et al, (2014) for the urban influenced high- 
elevation site at Denver, Colorado. Lefohn et al. (2014) note that background O 3 remained 
elevated, but that anthropogenic effects were evident, including the NO^ titration of O 3 at the 
lowest concentrations throughout the year and heightened O 3 production from local 
anthropogenic sources during the wann season. Background O 3 generally contributes greater 
than 50% at the highest concentrations al the Denver site and between 70-80% to total O 3 in the 
25-55 ppb range, and greater than 80% between 1 5 and 25 ppb. For many of the low-elevation 
sites, the contributions of background O 3 were 50% and higher (see figures at end of .Appendix 
A). Figure 5 illustrates the percent contribution of background O 3 to observed O 3 for the 
anthropogenically influenced site at Los Angeles. The site shows 60-80% contribution of 
background O 3 in the 25-55 ppb range. The site shows the heavy influence of anthropogenic 
emissions at the highest concentrations (i.e., red bars). 


8 



141 


Lefohn et al. (2014) noted that at sites influenced by anthropogenic emissions under 
current emission conditions across the U.S., background O 3 contributed larger proportions to 
total O 3 during the spring, winter, and fall and that the contribution of background O 3 was lowest 
during the summer when the maximum concentrations occurred. The importance of background 
O 3 to observed O 3 values noted by Lefohn et al. (2014) is similar to the seasonally averaged 
(April-October) background O 3 percentages illustrated in Fig. 2 above that is reproduced from 
EPA's Policy Assessment Document (2014a). 


Anthropogenic and Emissions-Intiuenced Background 
(EIB) Contributions to Total Ozone Concentration 
Denver, CO 
Data for the Year 2006 
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Fig. 4. Binned (5 ppb) frequency distribution of observed hourly total O 3 (black curve; 
right axLs) and average relative binned contributions of hourly EIB (blue) and 
anthropogenic (red) O3 (bars; left axis) for ambient conditions in 2006 at Denver, 
Colorado. (Source: Lefohn et al., 2014). 
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Anth ropogenic and Etnissions-lnfluenced Background 
(EIB) Contributions to Total Ozone Concentration 
Los Angeles, CA 
Data for the Year 2006 
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Fig. 5. Binned (5 ppb) frequency distribution of observed hourly total O 3 (black cun e; 
right axis) and average relative binned contributions of hourly EIB (blue) and 
anthropogenic (red) O 3 (bars; left axis) for ambient conditions in 2006 at Los Angeles, 
California. (Source: Lefohn et al., 2014). 


4. How Background Ozone and Observed Concentrations across the U.S. are Affected 
by Emission Reductions 

Simulation of just meeting the existing and proposed O 3 standards has been estimated by 
the EPA by adjusting hourly O 3 concentrations measured over the O 3 season using a model- 
based adjustment methodology that estimates O 3 sensitivities to precursor emissions changes 
(EPA, 2014a). These sensitivities, which estimate the response of O 3 concentrations to 
reductions in anthropogenic NOx and VOC emissions, are developed using the Higher-order 
Decoupled Direct Method (HDDM) capabilities in the Community Multi-scale .Air Quality 
(CMAQ) model (see EPA, 2014b for further details on the model). 

Based on empirical data, we have a good understanding how obsen'ed O3 concentrations 
change as anthropogenic emissions are reduced. As O 3 levels improve (i.e., the environment 

experiences reduced peak O 3 exposures) due to reduced emissions, reductions in the number of 
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high hourly average concentrations, as well in the disappearance of low hourly average 
concentrations, occur (Lefohn et ah, 1998). The disappearance in the number of low hourly 
average 0_? concentrations is associated with lack ofNOj scavenging (EPA, 1996). Lefohn et ah 
(1998) noted that as a site's air quality improves, the distribution of the hourly average 
concentrations shifts from both the high end, as well as the low end of the distribution, toward 
the middle concentrations (i.e., 30-60 ppb). Several investigators (Oltmans et ah, 2006; Lefohn et 
ah, 2008; Oltmans et ah, 2008; Lefohn et ah, 2010; Oltmans et ah, 2013) reporting observed O3 
trends using empirical data , note shifts in the concentration distribution over time, where both 
the high and the low' ends of O3 concentrations shift toward the mid-level values. Figure 6 from 
Lefohn et ah (2010) illustrates for the period 1994-2008 how the concentrations shift by month 
for a site in San Bernardino (CA). The highest concentrations are redueed over time, while the 
middle concentrations increase, and the low'er concentrations shift upward into the middle 
region. 

Using the HDDM model, the EPA estimated the changes in 8-hour daily maximum 
concentrations that would occur as emissions were reduced for 12 urban case study areas 
evaluated in the epidemiology-based risk assessment. Figure 7 depicts plots whose values are 
based on ambient measurements (base), and values obtained with the HDDM adjustment 
methodology showing attainment of 75, 70, 65 and 60 ppb standards. Boxes represent the 
median and quartiles, X’s represent mean values, w'hiskers extend up to l,5x the inter-quartile 
range from the boxes, and circles represent the outliers. In general, the range of the composite 
monitor distributions decreased (i.c., the lowest values shifted upward, while the maximum 
values shifted downward) in all 12 urban study areas as the air quality data w'ere adjusted to meet 
lower alternative standard levels. The predicted behavior estimated using the FIDDM modeling is 
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similar to the observed trending patterns observed using empirical data (Lefohn et a!., 1998; 
Oltmans et al., 2006; Lefohn et aL, 2008; Oilmans et aL, 2008; Lefohn et ai., 2010; Oltmans et 
al.,2013). 


San Bernardino County, CA (060710005) 
Distribution Changes by Month 
1994-2008 

3 

2.5 ^ 


2 



-1 


Concentration Bin$(ppb) 


Fig. 6. Distribution changes by month for a monitoring site located in San Bernardino 
County, California (AQS 060h0005) for 1994-2008 for the months with statistically 
significant changes. (Source: Lefohn et al., 2010). 

As indicated in Fig. 7, as anthropogenic emissions are reduced to attain the 75, 70, 65, 
and 60 ppb levels, the high and low ends of the O 3 concentration distribution shift toward the 
mid-level values. There is a compression of the high and low ends of the distributions. For areas 
influenced by anthropogenic emissions, while the high and low ends of the distributions of the 
observed O 3 concentrations are moving toward mid-level values as emissions are reduced, 
background O3 concentrations increase (Lefohn et al., 2014; EPA, 2014a; Dolwick et al., 2015). 
In other words, background O3 is not a fixed range of concentrations, but rather background is a 
varying range of concentrations, whose values increase as anthropogenic emissions are reduced. 
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Thus, both emissions-influenced background (ETB) (Lefohn et al. (2014) and U.S. Background 
(USBab) (Dolwick et al,, 2015; EPA, 2014a) increase as emissions arc reduced. 

For high-elevation sites in the western U.S. that are not heavily influenced by local or 
regional anthropogenic emissions, it would not be anticipated that Oj concentrations would 
change much as emissions were reduced elsewhere (Lefohn et al., 2014). For example, the EIB 
O 3 estimates for Yellowstone NP indicate that the background concentrations contribute in 
general greater than 80% to the observed O 3 concentrations measured. Dolwick et al. (2015) 
point out that for rural portions of the western U.S., it is not uncommon for high O 3 days (e.g., 
days in the worst 10 percent fora season) to be affected substantially (e.g., > 70-80%) by U.S, 
background O 3 . The implications are that sites substantially influenced by background are little 
affected by changes in North American emission reductions from upwind sources. 

As indicated earlier. Figs. 1-5 illustrate that background O 3 currently makes up a 
substantial percentage of the obsen'ed O 3 levels undercurrent conditions across the U.S. (Lefohn 
et al., 2014; EPA, 2014a; Dolwick et al., 2015). As anthropogenic emissions are reduced to attain 
achieved 75, 70, 65, and 60 ppb levels, background O 3 increases due to less scavenging by NOx 
(Lefohn et al., 2014; EPA, 2014a,c; Dolwick et al., 2015). EPA (2014b) described the 
distributions of composite monitor 8 -hour daily maximum values for April-October 2007 for 1 2 
urban caste .study areas used in the epidemiology-based ri.sk assessment (Fig. 7). Plots depict 
values based on ambient measurements (base), and values obtained with the FIDDM adjustment 
methodology showing attainment of 75, 70, 65 and 60 ppb alternative standards. A further 
description of the figure can be found in EPA (2014b) on page 4-24. In reviewing Fig. 7, we see 
for the anthropogenically influenced sites that a large percentage of the 8 -hour average daily 
maximum concentrations occur in the 25-55 ppb range when attainment is achieved at the 75, 70, 
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65 and 60 ppb levels. As emission reductions occur at the anthropogenically influenced sites, the 
difference between the lower and higher concentrations becomes smaller. Background O 3 at 
most of the sites that are illustrated in Fig. 7 is bounded within the 25-55 ppb observed O 3 range 
and background makes up a large percentage of the hourly average concentrations in this range. 
For Denver, Colorado, a location whose observed O 3 levels are influenced by stratospheric 
intrusions (Lefohn et al., 2001 ; Langford et al., 2009; Lefohn et al., 2014), background O 3 
contributes important amounts to the observed O 3 levels above the 25-55 ppb range. 
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Fig. 7. DLstributions of composite monitor 8-hour daily maximum values for April-Octobcr 
2007 for the 12 urban case study areas in the epidemiology-based risk assessment. Plots 
depict values based on ambient measurements (base), and values obtained with the HDDM 
adjustment methodology showing attainment of 75, 70, 65 and 60 ppb standards. Boxes 
represent the median and quartiles, X’s repre.sent mean values, whiskers extend up to 1.5x 
the inter-quartile range from the boxes, and circles represent outliers. (Souree: Fig. 4-9 
from EPA (2014b) page 4-24). 


15 




148 


5 . Anthropogenic Emission Reductions Result in the Highest Observed Concentrations 

Becoming More Heavily Influenced by Background Ozone 

At sites influenced by anthropogenic emissions, the contribution of background O 3 to 
observed levels is lowest during the summer, when maximum observed concentrations occur. 
However, when one takes into consideration future reductions of emissions to achieve possible 
lower standards, this does not mean that background will continue to be unimportant during the 
summer. Ozone concentrations, consisting of both anthropogenic and background contributions, 
change their relative importance to one another as emission reductions occur during all limes of 
the year. As emissions are reduced, background O3 becomes more important in relation to 
anthropogenically produced concentrations during all seasons (Lefohn et ah, 2014; EPA, 2014a). 

The EPA notes (Federal Register, 2014: page 75382) that its modeling indicates that U.S. 
anthropogenic emission sources currently are the dominant contributor to the majority of O3 
exceedances of the NAAQS at most sites across the U.S. EPA’s conclusion is based on results 
that indicate background contributions at most sites are generally similar on high O3 days, as 
well as on all other O3 days. As a result, under current conditions the EPA concludes that the 
proportional influence of background sources tends to be lower on high O 3 days (which in 
general occur during the summer at anthropogenically perturbed sites). Under current emission 
conditions for sites heavily influenced by anthropogenic emissions, Lefohn et al. (2014) 
report a similar observation. However, as emission reductions occur at anthropogenically 
influenced sites, the relative importance of background O3 increases at the highest O3 
concentrations. 

Background O3 has a higher contribution to observ'ed O3 levels during the spring 
compared to the summer across the U.S. The growing importance of background O3 as emissions 
are reduced to meet lower possible standards is observed in EPA’s modeling results. EPA 
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(2014c) notes that as emissions are reduced to attain lower possible standard levels there will be 
a higher relative contribution of background O 3 to observed O 3 across the entire U.S. EPA 
(2014c) notes that the frequency of the highest O 3 concentrations will shift from the summer to 
the spring. Many non-U.S. anthropogenic sources, such as stratospheric intrusion (Lefohn et al., 
201 1; Lefohn et al., 2012) and international transport peak during the spring months. According 
to the EPA (2014c), the shift in season is a result of more Oj decreases during the summer 
months compared to other times of the year and more Oj increases during the winter months due 
to the lessening of NOx titration on O 3 . Besides the highest concentrations, for most cities 
analyzed, the EPA notes that the highest interquartile (i.e., 25-75 percent) O 3 concentrations 
under current conditions occur during the summer months (i.e., June-August). However, for 
many areas the highest interquartile O 3 concentrations will shift to the spring months (i.e., April- 
May) as the current 75 and proposed 65 ppb standard levels (EPA, 2014c) are attained. As this 
shift occurs, background O 3 will contribute important amounts to the observed O 3 
concentrations. The dominance of springtime background O 3 concentrations is observed at some 
National Park sites in the U.S. (EPA, 2014d). As exceedances of the NAAQS occur when lower 
standard levels are promulgated, background O 3 concentrations at both high- and low-elevation 
sites will play a more important role in contributing to the exceedances. 

EPA (Federal Register, 2014 page 75383) agrees that there is no question that as the 
levels of alternative prospective standards are lowered, background will represent increasingly 
larger percentages of total O 3 levels and may subsequently complicate efforts to attain these 
standards. If lower standard levels were promulgated, background will increase and exceedances 
will become more common. The Agency contends that its policies allow for the exclusion of air 
quality monitoring data from design value calculations when they are substantially affected by 
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certain background influences (Federal Register, 2014 page 75242). The EPA cites its work to 
reduce international transport of O 3 and other pollutants that contribute to background O 3 levels 
under the Convention on Long-Range Transboundary Air Pollution (LRTAP) of the UN 
Economic Commission for Europe, as well as other international efforts, leading to reductions of 
background O3 (Federal Register, 2014 page 75372). 

However, EPA's position on controlling background is not necessarily well established 
and overlooks the relative importance of the contribution to background O 3 from long-range 
transport of anthropogenic emissions versus natural stratospheric intrusions (see Appendix B; 
Lefohn and Oilmans, 2014c). Recent work (Lin et al., 2012a, 2012b; Langford et al., 2014) raises 
questions as to how effective exceptional event categorization and procedures for establishing 
such an event will be in excluding air quality monitoring data that fall in the 65-70 ppb MDA 8 
range, especially at sites in the western U.S. Most of the events that might currently be classified 
as exceptional events under the current MDA 8 standard of 75 ppb or under the proposed stricter 
standard appear to have a substantial contribution from O3 with an initial source in the 
stratosphere (Lefohn et al.. 2011; Lefohn et al., 2012; Lefohn et al., 2014; 2015). As noted in 
Langford et al. (2014) from a recent research field investigation in Clark County, Nevada 
“exceedances of the NAAQS (for a 65 ppb standard) generated by high background 
concentrations and stratospheric intrusions would have occurred on 60% of the days during 
LVOS (Las Vegas Ozone Study), making these events the rule rather than the exception” at their 
study sites. In the only documented case accepted by the EPA of an exceptional event attributed 
to substantial stratospheric influence, a document exceeding 1 00 pages was filed The practicality 
of submitting 1 00 page documents each time an exceedance of the standard occurs that is 
associated with natural stratospheric intrusions is questionable. 
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Published work (Zhang et ak, 20i I; Lin et al., 2012a, 20i2h; Lefohn et ai. 2014) and 
ongoing research (Fiore et al., 2014; Lefohn et ah, 2015) reinforce the important contribution of 
North American background O3 (NAB) on 8-hour maximum daily average O3 (MDA8) at or near 
current air quality standards. In particular, during the spring and early summer, background O3 
over the western U.S. is routinely elevated. Elevated background is a persistent feature in the 
spring and early summer in the western U.S. and is likely not easily identifiable as exceptional 
events but rather it contributes on a continuous basis as enhancements to surface O 3 
concentrations. 

An ongoing evaluation of background O3 levels in two chemistry- transport models, the 
Geophysical Fluid Dynamics Laboratory (GFDL) AMS and GEOS-Chem, has shown that these 
models arc able to capture a number of the important features of background O3 over the U.S. A 
recent study (Fiore et ak, 2014) compared the two models and the authors reported that although 
both the AMS and GEOS-Chem models capture a number of the important features of 
background O3 over the U.S., important differences occur. For several reasons discussed in Fiore 
et al. (2014), biases were found over the western U.S. in the spring, with underestimates for 
GEOS-Chem and overestimates for AMS. The need for adjusting for model biases in both 
models was noted in the Fiore et al. (2014) paper. Based on recent work (Lefohn et al.. 2014; 
Lefohn et al., 2015), adjustments for biases, primarily associated with the stratospheric 
contribution to background O3, found that the two models’ attribution of background O3 was 
very similar at a number of sites particularly in the U.S. Intermountain West (see Appendix A). 
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6 . Can Background Ozone be Reduced? 

Potential strategies, such as international agreements to control emissions contributing to 
long-range transport of O 3 that produce high background O 3 , do not hold up to careful scrutiny. 
Although two studies (Fiore et a!., 2009; Zhang et al., 201 1) are cited by CASAC as evidence for 
justifying the potential effectiveness of controlling international emissions in reducing 
background O 3 over the U.S., these studies actually produce conflicting results. In particular, the 
modeling results described in Zhang et al. (201 1) attributes a very large contribution of 
international long-range transport to background O 3 over the U.S. of 9 ppb in spring-summer at 
low-elevation sites and 13 ppb at high-elevations sites. It is our expert opinion that the high 
values attributed in Zhang et al. (201 1) to international long-range transport are not 
representative or consistent with other studies reported in the peer-reviewed literature. The Fiore 
et al. (2009) work reports much lower values for spring and summer over the U.S. In particular, 
levels closer to 2 ppb for the contribution from East Asian and European emissions over the U.S. 
are presented. Two published studies by Lin et al. (2012a, 2012b) report that for the period in 
2010 of their study, the contribution from Asian pollution to the western US was ~5 ppb. Lin et 
al. (2012a) estimate that east of the Intermountain West O 3 enhancements from Asian pollution 
were ~ 2-4 ppb. Lin et al. (2012a) indicate that long-range transport of Asia mostly affects sites 
in the West and Intermountain West and that the contribution of Asian emissions on surface O 3 is 
much less than stratospheric O 3 (i.e., approximately 20% of the contribution estimated for 
stratospheric O3). Results published in the literature indicate large discrepancies in the attribution 
of the levels of Asian pollution O3 to background O 3 These discrepancies are a topic that 
requires further research. It is unclear what effect international emission reductions would have 
on surface O 3 concentrations in the U.S. Results published in the peer-reviewed literature 
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indicate that natural stratospheric intrusion enhances surface O 3 4-5 times greater than O 3 
associated with the long-range transport from Asia. Therefore, it is unclear if background O 3 
could be substantially reduced because of the contribution from uncontrollable, natural sources 
of O 3 , For additional information, please see Appendi.x. B. 

7. The Influence of Background Ozone on EPA’s Human Health Risk Estimates 

The EPA Administrator utilizes controlled human exposure studies and 
mortality/morbidity and lung- function risk estimates for assessing the health impact of O 3 . This 
infonnation is used to e.stablish the level of the primary standard. The controlled human exposure 
studies provide the Administrator with an initial consideration for the level at which the health 
standard could be set. The risk e.stimates provide further clarification to the Administrator for 
refining her initial consideration and provides a margin of safety associated with her final 
decision on the O 3 NAAQS. 

As noted in the Federal Register (2014 page 75288), the Administrator places greater 
weight on infonnation on controlled human exposure studies (i.e., FEVi decrement risk 
analyses) rather than on the epidemiological results (Federal Register, 2014 page 75288). As 
noted by the Administrator, the epidemiological results did not indicate much risk benefit as the 
current and proposed standards were estimated to be attained through simulated modeling. 

in summarizing its mortality and morbidity epidemiological risk results, on page 9-22 of 
the Health Risk and Exposure Assessment (HREA) (EPA, 2014b), EPA noted that the 
epidemiological risks did not show large increases in benefits as emissions were reduced to meet 
existing or alternative levels of the standard. EPA provided several reasons for this observation. 
First, the epidemiological risks reflected the impact of changes in O 3 along the complete range of 
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8-hour average O3 concentrations (i.e., maximum values all the way down to zero values). In 
other words, in contrast to the exposure-response function for FEV| decremental effects that 
weighted higher concentrations greater than the mid- and low-level values, the concentration- 
response function for the epidemiological risk analyses weighted all concentrations the same. 
Second, as mentioned earlier, EPA’s modeling results indicated that the lowest O3 concentrations 
increased and the highest concentrations decreased as a result of just meeting existing and 
alternative standards. The result of applying an unweighted concentration-response function for 
the epidemiological risk resulted in (1) the reduced risk predicted to occur by reducing the 
highest concentrations being counter balanced by (2) the increased risk predicted to occur as the 
lower concentrations shifted toward the mid-level values as per EPA’s modeling estimates. 

Coupled with the lack of increases in risk benefits as emissions were reduced to meet 
existing or alternative levels of the standard, the mortality and morbidity epidemiological risks 
were affected by background O3 levels. The EPA’s mortality and morbidity risk estimates for 
attaining the current and proposed standards are heavily influenced by 8-hour average ambient 
concentrations in the 25-55 ppb range (EPA, 2014a, 2014b). For epidemiological mortality risk 
estimates calculated by the EPA using 2007 data (EPA, 2014b), Fig. 8 illustrates that reducing 
emissions to attain the various standards increased the predicted risk associated with the mid- 
range concentrations (25-55 ppb). The accumulation of risk in the 25-55 ppm range made up the 
greatest percentage of the total risk. In some cases, 90% or more of the accumulated risk occurs 
in the 25-55 ppb range. As indicated earlier, background O3 contributes a large percentage of the 
observed O3 measured concentrations in the 25-55 ppb range across the U.S. (Lefohn et ah, 
2014). Therefore, the mortality and morbidity risk estimates made by the EPA that were 
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associated with attaining the current, as well as proposed lower standards were heavily 
influenced by background O 3 . 

The observed outcome from the epidemiological risk analyses was a result of not taking 
into consideration the heavy influence of background O 3 in the 25-55 ppb range on the risk 
estimates. The heat maps presented in Figures 7-2 and 7-3 in the HREA (EPA, 2014b) 
demonstrate that just meeting progressively lower proposed standard levels narrowed the 
distribution of epidemiological risk across the range of O 3 concentrations and that the 
distribution of risk tended to be more centered on concentrations in the range of 25-55 ppb (EPA, 
2014b). As EPA concluded on page 9-23 of the HREA (EPA, 2014b), the focus of the 
epidemiological studies on urban study area-wide average O 3 concentrations, and the lack of 
thresholds coupled with the linear nature of the concentration-response functions meant that in 
its analysis, the impact of a peak-based standard like the 8 -hour standard (i.e., which seeks to 
reduce peak concentrations regardless of effects on low or mean concentrations) on estimates of 
mortality and morbidity risks based on results of tho.se studies was relatively small. 
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Fig. 8. Percent short-term Oj-attributable mortality in the 25-55 ppb range for various 
exposure conditions for 2007. (Source: Data from Fig. 7-Bl on page 7-B3 ofEPA, 2014c). 

As indicated above, the controlled human exposure risk estimates associated with FEV| 
lung function decrements are an important input to the EPA Administrator for assessing the 
margin of safety associated with establishing the O 3 NAAQS. While information was provided 
by (EPA, 2014a, 2014b) and Lefohn el al. (2014) that cumulative mortality and morbidly 
epidemiological risk estimates were heavily influenced by the concentration range 25-55 ppb and 
therefore, background O.3, no such information was available readily available to determine 
whether the cumulative lung function risk estimates were also heavily influenced by 
concentrations in the 25-55 ppb range. We know from EPA’s modeling results (EPA, 20i4b), as 
emissions are reduced to attain the proposed standard levels, the higher concentrations will shift 
downward, while the lower concentrations will shift upward. Both the high and the low 
concentrations will therefore shift toward the mid-range concentrations (i.e., 25-55 ppb), which 
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are heavily influenced by background O 3 (Lefohn et al, 2014). Therefore, it is important to assess 
the role that the mid-range concentrations play in the cumulative lung function risk estimates as 
emissions are reduced. 

Gradient, an environmental and risk sciences consulting firm located in Cambridge, MA, 
and A.S.L. & Associates worked together to explore to what degree the lung function risk 
estimates were heavily influenced by concentrations in the 25-55 ppb range. Gradient used the 
Air Pollutants Exposure (APEX) model to e.stimate children's lung function decrements under 
various 2007air quality scenarios for Los Angeles, Denver. Elouston, Philadelphia, and Boston. 
For each of the 5 cities, five APEX scenarios (i.e., current, 75 ppb, 70 ppb, 65 ppb, and 60 ppb) 
were run. The simulations were based on the APEX modeling conducted by the EPA which is 
described in the HREA (EPA, 2014b), including the use of the threshold version of the 
McDonnell, Stewart, and Smith (MSS) model to estimate decrements in forced expiratory 
volume in 1 second (FEVi). The EPA provided Gradient with the same input files and 
parameters as the APEX modeling conducted by the EPA for Gradient’s model simulations. 
Further details describing the simulation runs are provided in Appendix C. 

Figure 9 summarizes the effect of background O 3 on lung function risk asse.ssments 
(FEV 1 decrements >10%), This figure focuses on mid-range concentrations for children aged 5- 
1 8 based on APEX model output for Los Angeles, Denver. Houston, Philadelphia, and Boston. 
The estimated risk was summarized in 5 ppb concentration increments (i.e., bins) and the 
estimated risk was summed over the 25-55 pph range and divided by the total accumulated 
estimated risk and then multiplied by 100. This calculation provided the determination of the 
percentage of the cumulative frequency of respon.ses in the mid-range concentration of 25-55 
ppb. For Los Angeles, a large percentage of the cumulative frequency of responses is associated 
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with the 25-55 ppb range for attainment of the 75, 70, 65 and 60 ppb levels. Background O 3 
plays an important role in the cumulative risk. The cumulative frequency of responses for daily 
FEV] decrements >10% were 9% (current level), 52% (attaining the 75 ppb level), 65% 
(attaining the 70 ppb level), 77% (attaining the 65 ppb level), and 91 % (attaining the 60 ppb). 

For the Denver urban study area, a large percentage of the cumulative frequency of responses is 
also associated with the 25-60 ppb range for attainment of the 75, 70, 65 and 60 ppb levels. The 
accumulative range for Denver was expanded from the 25-55 ppb to 25-60 ppb because 
background Oj at this high-elevation study area is greater than at low-elevation sites. Lefohn et 
al. (2014) notes that background O 3 contributes approximately 70% to the observed 
concentration in the 55-60 ppb range (see Fig. 4). The cumulative frequency of responses in the 
Denver urban area for daily FEV 1 decrements > ! 0% were 33% (current level), 56% (attaining 
the 75 ppb level), 72% (attaining the 70 ppb level), 87% (attaining the 65 ppb level), and 97% 
(attaining the 60 ppb). For the Houston area, a large percentage of the cumulative frequency of 
responses is associated with the 25-55 ppb range for attainment of the 75, 70, 65 and 60 ppb 
levels. The cumulative frequency of responses in the Houston urban area for daily FEV| 
decrements >1 0% were 12% (current level), 49% (attaining the 75 ppb level), 64% (attaining the 
70 ppb level), 80% (attaining the 65 ppb level), and 95% (attaining the 60 ppb). While the 
concentrations in the 25-55 ppb range played less of a role in the cumulative lung function risk 
analysis for Philadelphia and Boston than for the other 3 cities, a great deal of the accumulated 
risk was associated with the 25-65 ppb range, especially for the 65 ppb and 60 ppb scenarios. For 
Philadelphia, the cumulative frequency of responses for daily FEV| decrements >10% associated 
with the 25-55 ppb range were 5%, (current level), 20% (attaining the 75 ppb level), 32% 
(attaining the 70 ppb level), 51% (attaining the 65 ppb level), and 73% (attaining the 60 ppb). 
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For Boston, the cumulative Frequency of responses associated with the 25-55 ppb range were 6% 
(current level), 13% (attaining the 75 ppb level), 18% (attaining the 70 ppb level), 32% (attaining 
the 65 ppb level), and 53% (attaining the 60 ppb). 

Similar to the morbidity and mortality health risk estimates that are heavily influenced by 
background O3 in the 25-55 ppb range, the cumulative lung-function risk estimates for Los 
Angeles, Denver, and Houston also appear to be heavily influenced by background 
concentrations. 
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Fig. 9. The percentage of the cumulative frequency of responses in children aged 5-18 
associated with the 25-55 ppb range for the Los Angeles, Denver, Houston, Philadelphia, 
and Boston urban study areas using EPA’s APEX model. 


8. Conclusion 

The information that the Agency has provided allows one to assess the relative contribution 
of (1) anthropogenic O3 and (2) background O3 to its human health risk estimates. As noted in 

the HREA (EPA, 2014b), the epidemiological risk estimates for attaining the 75, 70, 65 and 60 
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ppb standards indicate that a large percentage of the risks are associated with 8 -hour average 
ambient concentrations in the 25-55 ppb range, whieh is heavily influenced by background O 3 . 
Our analyses for the Los Angeles, Denver, and Houston urban study areas indicate that the lung 
function risk estimates are heavily influenced by the concentration range 25-55 ppb range and 
therefore background Oj. 

Based on infonnation published in the literature and by EPA (2014a,h,c,d,e,f), we conclude 
the following: 

• As emissions are reduced, background will contribute more to observed 
exceedances of the standard; 

• The range of concentrations between the highest and lowest w'ill narrow and the 
number of mid-range concentrations (i.e., 25 - 55 ppb) will increase as emissions 
are reduced; 

• The large contribution of background in the mid-range will grow as proposed 
standards become more stringent; 

• As emissions are reduced, EPA's mortality and morbidity health risk will be 
heavily influenced by background O 3 ; 

• As emissions are reduced. EPA’s lung function risk estimates appear to be heavily 
influenced by background O 3 in some cities; and 

• The margin of safety determination that the Administrator applies in establishing 
the level of the NAAQS O 3 health standard is influenced by background O 3 . 


28 



161 


References 

Dolwick, P., Akhtar, F., Baker, K., Possiel, N., Simon, H., Tonnesen, G., 2015. Comparison of 
background ozone estimates over the western United States based on two separate model 
methodologies. Atmospheric Environment (2015), doi: 10.l016/j.atmosenv.2015.01 .005. (In 
Press). http://dx.doi.Org/10.l0l6/i.atmosenv.2015.01.005 . 

Emery, C., Jung, J., Downey, N., Johnson, J., Jimenez, M., Yarwood, G., Morris, R., 2012. 

Regional and global modeling e.stimates of policy relevant background ozone over the United 
States. Atmospheric Environment 47, 206-217. 

Federal Register, 1 997. U.S. Environmental Protection Agency. National Ambient Air Quality 
Standards for Ozone; Proposed Rule. Vol. 62,Number 138. Pages 38856-38896. July 18, 
1997. 

Federal Register, 2014. U.S. Environmental Protection Agency. National Ambient Air Quality 
Standards for Ozone; Proposed Rule. Vol. 79, Number 242. Pages 75234-754 1 1 . December 
17, 2014. 


Fiore, A. M.. Jacob, D.J., Bey, I., Yanto.sca, R.M., Field, B.D., Fusco, A.C,, Wilkinson, J.G., 
2002. Background ozone over the United States in summer; Origin, trend, and contribution to 
pollution episodes. Journal of Geophysical Research 107(DI5), 4275, 
doi:10.1029/2001JD000982. 

Fiore, A., Jacob, D.J., Liu, FI., Yantosca, R.M., Fairlie, T.D., Li, Q., 2003. Variability in surface 
ozone background over the United States: Implications for air quality policy, .lournal of 
Geophysical Research 108 (D24), 4787, doi:10.1029/2003JD003855. 

Fiore, A.M., Oberman, J.T., Lin, M.Y., Zhang, L.. Clifton, O.E.. Jacob, D.J., Naik. V., Horowitz. 

L. W., Pinto, J.P., Miily, G.P., 2014. Estimating North American background ozone in U.S. 
surface air with two independent global models: Variability, uncertainties, and 
recommendations. Atmospheric Environment 96, 284-300. doi: 

1 0.1016/j.atrnosenv. 20 14.07.045. 

Langford, A.O., Aikin, K.C., Eubank. C.S., Williams. E.J., 2009. Stratospheric contribution to 
high surface ozone in Colorado during springtime. Geophysical Research Letters 36. 1,12801, 
doi: 1 0. 1 029/2009GL038367. 

Langford, A.O.. Senff, C.J., Alvarez II. R.J., Brioude. J., Cooper, O.R., Flollow'ay, J.S., Lin, 

M. Y., .Marchbanks, R.D., Pierce, R.B., Sandberg, S.P., Weickmann, A.M., Williams, E.J., 
2014. An overview of the 2013 Las Vegas Ozone Study (LVOS): Impact of .stratospheric 
intrusions and long-range transport on surface air quality. Atmospheric Environment, 
doi: 1 0. 1 0 1 6/i.atmosenv.20 1 4.08.040 . In Press. 


29 



162 


Lefohn, A.S., Oilmans, S.J., 2012. Background Ozone and Its Importance in Relation to Health 
Risk and Exposure Assessment for Ozone Assessment Document. Submitted to the Docket 
ID No. EPAH1Q~OAR~-2008-0699. September 17, 2012. 

Lefohn. A.S., Oltmans, S.J., 2014a. Background Ozone and Its Importance in Relation to the 
Health Risk and Exposure Assessment for Ozone Assessment Document. March 1 3, 20 1 4. 

Lefohn, A.S., Oltmans, S.J., 2014b. Background Ozone and Its Importance in Relation to the 
Policy As.sessment for the Review of the Ozone National Ambient Air Quality Standards 
Document. March 13, 2014. 

Lefohn, A.S., Oltmans, S.,I., 2014c. Comments on the Letter to the Administrator from the 
CASAC Ozone Review Panel on the Second Draft HREA Assessment. May 19, 2014. 

Lefohn, A.S., Oltmans, S.J., 201 4d. Comments on the Letter to the Administrator from the 
CASAC Ozone Review Panel on the Second Draft Policy Assessment, May 19, 2014. 

Lefohn, A.S., Oltmans, S.J.. 2014e. Additional Comments for Consideration by the CASAC 
Ozone Review Panel Based on CASAC Comments on the Draft HREA Letters to the 
Administrator during its Teleconference Deliberations on May 28, 2014. May 30. 2014. 

Lefohn A. S., Shadwick D.S. and Ziman S.D.. 1998. The Difficult Challenge of Attaining EPA's 
New Ozone Standard. Environmental Science & Technology. 32(1 1):276A-282A, 

Lefohn, A.S., Oltmans, S.J., Dann, T., Singh, H.B., 2001 . Present-day variability of background 
ozone in the lower troposphere. Journal of Geophysical Research. 106(D9), 9945-9958, 
doi:10.1029/2000JD900793. 

Lefohn, A.S., Shadwick, D., Oltmans, S.J., 2008. Characterizing long-term changes in surface 
ozone levels in the United States (1980-2005), Atmospheric Environment 42, 8252-8262. 
httD://dx.doi.org/l 0. 1 0 1 6/i.atmosenv.2008.07.060 . 

Lefohn, A.S., Shadwick, D., Oltmans, S.J.. 2010. Characterizing changes in the distribution of 
surface ozone levels in metropolitan and rural areas in the United States for 1980-2008 and 
1994-2008. Atmospheric Environment 44, 5199-5210. 
htt p://dx.doi.O rg/l 0.101 6 /i.atmosenv.20 1 0.08.049 . 

Lefohn, A.S., Werali, H.. Shadwick, D., Limbach, S., Oltmans, S.J., Shapiro, M., 2011. The 
importance of stratospheric-tropospheric transport in affecting surface ozone concentrations 
in the Western and Northern Tier of the United States. Atmospheric Environment 45, 4845- 
4857. 

Lefohn, A.S,, Wemli, H., Shadwick, D., Oltmans, S.J., Shapiro. M., 2012. Quantifying the 
frequency of stratospheric-tropospheric transport affecting enhanced surface ozone 
concentrations at high- and low-elevation monitoring sites in the United States. Atmospheric 
Environment 62, 646-656, 


30 



163 


Lefohn, A.S., Emery, C., Shadwick, D., Wemli, H., Jung, J., Oilmans, S.J., 2014. Estimates of 
Background Surface Ozone Concentrations in the United States Based on Model-Derived 
Source Apportionment. Atmospheric Environment, 
http://dx.doi.Org/10.1016/j.atmosenv.20l3.ll.033. 84: 275-288. 

Lefohn, A.S., Shadwick, D., Oltmams, S.J., Lin, M.Y., Wemli, H., 2015. Characterizing the 
Relative Importance of stratospheric and background to observed ozone in the US with the 
GFDL AM3 chemistry-climate model combined with a trajectory-based approach. 
Manuscript in preparation. 

Lin, M., Fiore, A.M., Cooper, O.R., Horowitz, L.W., Langford, .A.O., Levy II, H., Johnson. B.J.. 
Naik, V., Oltmans, S..T., Senff, C.J., 2012a. Springtime high surface ozone events over the 
western United Stales: Quantifying the role of stratospheric intrusions. Journal of 
Geophysical Research 117. D00V22, doi: 1 0. 1 029/20 1 2J DO 1 8 1 5 1 . 

Lin, M., Fiore, A.M., Horowitz. L.W., Cooper, O.R,, Naik, V., Holloway, J., Johnson, B.J., 
Middlebrook, A.M., Oltmans, S.J., Pollack, I.B., Ryerson, T.B., Warner, .I.X., Wiedinmycr, 
C.. Wilson, J., W'yman, B., 2012b. Transport of Asian ozone pollution into surface air over 
the western U.S. in spring. Journal of Geophysical Research 1 17(D00V07), 432 
doi: 1 0. 1 029/20 1 1 JDO 16961. 

McDonald-Buller, E.C., Allen, D.T., Brown, N., Jacob, D..1.. Jaffe, D., Kolb, C.E., Lefohn, A.S., 
Oltmans, S.. Parrish, D.D., Yarwood, G., Zhang, L., 2011. Establishing policy relevant 
background (PRB) ozone concentrations in the United States. .Environmental Science & 
Technology 45, doi: 1 0. 1 02 1 /es20229 1 8, 9484-9497. 

Oltmans, S.J., Lefohn, A.S., Harris. J.M., Galbally, 1.. Scheel, H.E.. Bodeker, G., Brunke. E., 
Claude, H., Tarasick, D., Johnson, B.J., Simmonds, P., Shadwick, D., Aniauf, K., Hayden, 
K., Schmidlin, F., Fujimoto, T., Akagi, K., Meyer, C., Nichol, S., Davie.s, .1., Redondas, A., 
Cuevas. E.. 2006, Long-temi changes in tropospheric ozone. Atmospheric F/nvironment 40, 
3156e3173. http://dx.d 0 i. 0 rg/l 0. 1 0 1 6/i.atmosenv. 2006.0 1 .029 . 

Oltmans, S.J., Lefohn, A.S., Harris, J.M,, Shadwick, D.S., 2008. Background ozone levels of air 
entering the west coast of the U.S. and assessment of longer-term changes. Atmospheric 
Environment 42. 6020-60.58. http://dx.doi.Org/10.1016/j.atmosenv.2008.03.034. 


Oltmans, S.J., Lefohn, A.S., Shadwick, D., Harris, J.M., Scheel, H.-E., Galbally, I., Tarasick, 
D.A., Johnson, B.J., Brunke, E., Claude, H., Zeng, G.. Nichol, S., Schmidlin, F., Redondas, 
A., Cuevas, E., Nakano, T,, Kawasato, T., 2013. Recent tropospheric ozone changes - A 
pattern dominated by slow or no growth. Atmospheric Environment. 
doi:10.1016/j.atmosenv.20l2.10.057. 67: 331-351. 

U.S. Finvironmental Protection Agency (1996) Review of National Ambient Air Quality 
Standards for Ozone - Assessment of Scientific and Technical Information, OAQPS Staff 


31 



164 


Paper. EPA-452/R-96-007, Office of Air Quality Planning and Standards, Research Triangle 
Park. NC. June 1996. US Environmental Protection Agency. 

U.S. Environmental Protection Agency, 2006. Air Quality' Criteria for Ozone and Related 

Photochemical Oxidants. Research Triangle Park, NC; Office of Research and Development; 
EPA/600/R-05/004af. February. 

U.S. Environmental Protection Agency, 2013. Integrated Science Assessment for Ozone and 
Related Photochemical Oxidants. EP.A/600/R-I0/076F. Research Triangle Park, NC: Office 
of Research and Development. February. 

U.S. Environmental Protection Agency, US EPA, 2014a. Policy Assessment for the Review of 
the Ozone National Ambient Air Quality Standards. Final Report. EPA-452/R- 14-006. 
Research Triangle Park, NC: Office of Air Quality Planning and Standards. August. 

U.S. Environmental Protection Agency, US EPA, 2014b. Health Risk and Exposure Assessment 
for Ozone. Final Report. EPA-452/R-14-004a. Research Triangle Park, NC: Office of Air 
Quality Planning and Standards. August. 

U.S. Environmental Protection Agency, US EPA, 2014c. Health Risk and Exposure Assessment 
for Ozone. Final Report. Chapter 4 Appendices. EPA-452/R-!4-004b. Research Triangle 
Park, NC: Office of Air Quality Planning and Standards. August. 

U.S. Environmental Protection Agency, US EPA, 20l4d. Welfare Risk and Exposure 

Assessment for Ozone. Final. Appendices. EPA-452/P-14-005b. Research Triangle Park, 

NC: Office of Air Quality Planning and Standards. August. 

U.S. Environmental Protection Agency, US EPA, 20l4e. Health Risk and Exposure Assessment 
for Ozone. Final Report. Chapters 7-9 Appendices. EPA-452/R-14-004e. Research Triangle 
Park, NC: Office of Air Quality Planning and Standards. Augu.st. 

U.S. Environmental Protection Agency, US EPA, 2014f Health Risk and Exposure Assessment 
for Ozone. Final Report. Chapter 6 Appendices. EPA-452/R-14-004d. Research Triangle 
Park, NC: Office of Air Quality Planning and Standards. August. 

Zhang, L, Jacob, D.J., Downey, N.V., Wood, D.A., Blewitt, D., Carouge, C.C., van Donkelaar, 
A., Jones, D.B.A., Murray, L.T., Wang, Y., 201 1. Improved estimate of the policy-relevant 
background ozone in the United States using the GEOS-Chem global mode! with 1/2° x 2/3° 
horizontal resolution over North America. Atmospheric Environment 45, 6769-6776. 

Zhang, L., .lacob, D.J., Yue, X., Downey, N.V., Wood, D.A., Blewitt, D., 2014. Sources 
contributing to background surface ozone in the US Intermountain West. Atmos. Chem. 
Phys. Discuss., 14, 5295-5309, ww'w.atmos-chem-phvs.net/l 4/5295/20 1 4/ . doi: 10.51 94/acp- 
14-5295-2014. 


32 



165 


Appendix A 

Identifying the Range of Concentrations When Background Ozone is Important 

The 25-55 ppb concentration range has been highlighted in the EPA's Health Risk and 
Exposure Assessment (HREA) (EPA, 2014b) and Policy Assessment (PA) documents (EPA, 
2014a). As anthropogenic emissions are reduced, the frequency of concentrations in this mid- 
level concentration range increases with the result that a large percentage of the total risks is 
associated with these concentrations as the current and possible proposed standard levels are 
achieved. 

Using the Higher-order Decoupled Direct Method (HDDM) model, EPA estimated 
changes for 12 urban case study areas in 8-hour daily maximum concentrations that would occur 
as emissions were reduced. These changing Oj concentration distributions were inputted into the 
epidemiology-based risk assessment (EPA. 2014b). Figure A-1 depicts plots of the distribution 
of concentration levels whose values are based on ambient measurements (i.e., base), and values 
obtained with the HDDM adjustment methodology showing attainment of 75, 70, 65 and 60 ppb 
standards. Boxes represent the median and quartiles, X’s represent mean values, whiskers extend 
up to 1 .5x the inter-quartile range from the boxes, and circles represent the outliers. In general, as 
EPA applied its HDDM model, the range (i.e., difference between the top and bottom of the 
distributions) of the composite monitor concentrations decrea.sed (i.e., the minimum value 
increased, while the maximum value decreased) in all 12 urban study areas as the air quality data 
were adjusted to meet lower standard levels. As illustrated in Fig. A-1, as anthropogenic 
emissions are reduced to attain the 75, 70, 65, and 60 ppb levels, the high and low ends of the 
total O3 concentration distribution shift toward the mid-level values. The pattern associated with 
the EPA-predicted response of the O3 distribution of concentrations using the HDDM modeling 
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has been observed at O 3 monitors across the U.S. (Lefohn et al., 1998; Oltmans et al., 2006; 
Lefohn et al., 2008; Oltmans et al., 2008; Lefohn et al., 2010; Oltmans et al., 2013). 

Figure A-1 illustrates for low-elevation sites that as greater emission reductions occur to 
attain the base (i.e., current), 70, 65, and 60 ppb standard levels, the distributions within each city 
shift toward a narrower range of concentrations compared to the base conditions. More than half 
of the 8 -hour maximum daily average concentrations is in the 25-55 ppb range (i.e., mid-level 
values). Contained w'ithin this narrow range is background O 3 . Lefohn et al. (2014) has reported 
that Emission-Influenced Background (EIB) O 3 makes up a large percentage of the observed 
concentrations within the 25-55 ppb range for sites across the entire U.S. As emissions are 
reduced in areas affected by anthropogenic emissions, the large percentage of background O 3 
contribution in this range of concentrations will increase (Lefohn et al., 2014). For high-elevation 
sites in the western U.S. that are not heavily influenced by anthropogenic emissions, background 
O 3 concentrations will remain at similar levels as emissions are reduced elsewhere (Lefohn ct al., 
2014). For example, Fig. A-2 illustrates that Emission-Influenced Background (EIB) O 3 
estimates for Yellowstone NP (Lefohn et al., 2014) contribute in general greater than 80% to the 
observed O 3 concentrations measured across the entire distribution of hourly average O 3 
concentrations. The figure illustrates the modeled contributions of hourly EIB to the total O 3 
frequency distribution (black curve). The blue and red bars in the figure show the relative 
contribution, within each concentration bin, of background O 3 compared to anthropogenic 
sources, respectively. 
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Fig. A-1. Distributions of composite monitor 8-hour daily maximum values for the 12 
urban case study areas in the epidemiology-based risk assessment. Plots depict values 
based on ambient measurements (base), and values obtained w’ith the HDDM adjustment 
methodology showing attainment of 75, 70, 65 and 60 ppb standards. Values shown are 
based on CBSAs for April-October of 2007. Note that the HDDM 8 adjustment technique 
was not able to adjust air quality to show attainment of a 60 ppb standard in New York, so 
no boxplot is shown for that case. Boxes represent the median and quartiles, X’s represent 
mean values, whiskers extend up to 1.5x the inter-quartile range from the boxes, and 
circles represent outliers. (Source: Fig. 4-9 of HREA page 4-24). 
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Anthropogenic and Emissions-lnfluenced Background 
(ElBj Contributions to Total Ozone Concentration 
Yellowstone NP, WY 
Data for the Year 2006 



Concentration (ppb) 


Fig. A-2. Binned (5 ppb) frequency distribution of observed hourly total Oj (black curve; 
right axis) and average relative binned contributions of hourly EIB (blue) and 
anthropogenic (red) O 3 (bars; left axis) for ambient conditions in 2006 at Yellowstone NP, 
Wyoming. (Source: Lefohn et al., 2014). 


Anthropogenic and Emissions-lnfluenced Background 
(EIB) Contributions to Total Ozone Concentration 
Pinedale.WY 
Data for the Year 2006 



Concentration (ppb> 


Fig. A-3. Binned (5 ppb) frequency' distribution of observed hourly total O 3 (black curve; 
right axis) and average relative binned contributions of hourly EIB (blue) and 
anthropogenic (red) O 3 (bars; left axis) for ambient conditions in 2006 at Pinedale, 
Wyoming. (Source; Lefohn et al., 2014). 
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Figure A-3 illustrates the percentage contribution of background to observed O 3 for the 
site at Pinedale, Wyoming. The blue and red bars in the figure show the relative contribution, 
within each concentration bin, of background O 3 compared to anthropogenic sources, 
respectively. Similar to the results for Yellowstone NP, Pinedale is heavily influenced across all 
hourly average concentrations by background O 3 . Dolwick et al. (2015) point out that for rural 
portions of the western IJ.S., it is not uncommon for high O 3 days (e.g., days in the w'orst 10 
percent for a season) to be affected substantially (e.g., > 70-80%) by U.S. background O 3 . 
Figures A-2 and A-3 indicate that Yellowstone NP and Pinedale are strongly influenced by 
background and are not anticipated to be affected much by changes in North American emission 
reductions from upwind .sources. Zhang et al. (2014) note that sites such as Yellowstone NP and 
Pinedale would not be expected to be influenced much by California anthropogenic O 3 
concentrations. 

Because both Yellowstone NP and Pinedale, sites located in the Intermountain West, are 
heavily influenced by background O 3 , we investigated the variability of background O 3 across 
years (2006 and 2010) for the two sites for the April-.lune period. Comparing results from 
.Lefohn et al. (2014) with those from Lefohn et al. (2015), we find little difference across years 
for either of the two sits using estimates of adjusted 8 -hour background O 3 levels derived from 
different models. Although the Emissions-lnfluenced Background O 3 levels derived from the 
GEOS-Chem/CAMx for April-.Iune 2006 (Lefohn et al., 2014) are derived using a different 
methodology than the adjusted North American Background (NAB) O 3 values derived from the 
Geophysical Fluid Dynamics Laboratory (GFDL) AM3 model (Lin et al., 2012b) for April-June 
2010, the results are similar (Figs. A-4 and A-5). While day-to-day variability was different each 
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year, as expected from the differing meteorology, for the Yellowstone and Pinedale sites, 
background O 3 generally varied over the April-June period within the range of 30-70 ppb. 


Comparing MDA 8 GEOS-Chem EIB O 3 (2006) with 
Adjusted AM3 NAB O 3 (2010) 
Yellowstone National Park, Wyoming 
April-June 


GEOS-Chem EIB 2006 

Adj. AMS SAB 2010 
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17 


May 

11 19 


June 

12 20 28 


Fig. A-4. Comparing MDA 8 GEOS-Chem EIB O 3 (2006) with adjusted AM3 NAB O 3 
(2010) for Yellowstone NP for April-June. (Source: Lefohn et al., 2015). 
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Comparing MDA 8 GEOS-Chem EIB O 3 (2006| with 
Adjusted AMS NAB O 3 (2010) 

Pinedale, Wyoming 
April- June 
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Fig. A-5. Comparing MDA 8 GEOS-Chem EIB O 3 (2006) with adjusted AM3 NAB O 3 
(2010) for Pinedale for April-, Tune. (Source: Lefohn ct al., 2015). 

Background O3 (i.e., EIB O3) contributes a major portion to estimated total O3 at mo.st of 
the high- and low-elevation sites analyzed by Lefohn et al. (2014), especially during the spring. 
At the western high-elevation sites not heavily inlluenced by anthropogenic emissions, the 
contributions of EIB O3 to total O3 were usually greater than 70% over the entire year. For the 
Denver site, a site influenced by anthropogenic emissions. Lefohn et al. (2014) reported that EIB 
O3 contributed more than 50% across the concentration distribution (Fig. A-6). Within the 25-55 
ppb range, EIB O3 contributed approximately75 to 80% to the observed O5. An important 
observation is that for Denver the range 25-60 ppb shows large contributions from background 
O3 to observed O3 concentrations occur because background O3 is greater at high-elevation 
compared to low-elevation sites. Lefohn et al. (2014) notes that background O3 contributes 
approximately 70% to the observed concentration in the 55-60 ppb range (see Fig. A-6). The 
effect of anthropogenic emissions at the Denver site can be observed in Fig. A-6. At the higher 
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concentrations, background O3 contributed approximately 50%. However, as emissions are 
reduced to attain current and possible proposed standard levels, background O3 would be 
anticipated to increase its contribution to total observed O3 in the mid-range (i.e., 25-55 ppb), as 
well as the higher concentrations in the distribution. 


Anthropogenic and Emissions-lnfluenced Background 
(EIB) Contributions to Total Ozone Concentration 
Denver, CO 
Data for the Year 2006 
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Fig. A- 6 . Binned (5 ppb) frequency distribution of observed hourly total O 3 (black curve; 
right axis) and average relative binned contributions of hourly EIB (blue) and 
anthropogenic (red) O 3 (bars; left axis) for ambient conditions in 2006 at Denver, 
Colorado. (Source: Lefohn et al., 2014). 


As indicated earlier, the 25-55 ppb concentration range plays an important role in the 
cumulative health risk estimates. For many of the low-elevation sites, the contributions of 
background O3 were 50% and higher (see figures at end of Appendix A). Figures A-7 and A-8 
illustrate the percent contribution of background O3 to observed O3 for the anthropogenically 
influenced sites at Los Angeles and Houston. The two sites show the heavy influence of 
anthropogenic emissions on the highest concentrations (i.e., red bars). However, the Los Angeles 
site shows 60-80% contribution of background O3 in the 25-55 ppb range and 55-75% for the 
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Houston site. As indicated for Denver, as emissions are reduced to attain current and possible 
proposed standard levels, background Os would be anticipated to increase its contribution to total 
obser\'ed O 3 in the mid-range (i.e., 25-55 ppb). As indicated in Appendix C, the background 
influenced mid-range concentrations have an important impact on the human health risk 
estimates. Figures from Lefohn et al. (2014) illustrating the percent of background Os in relation 
to observed Os across all hourly average concentration levels are presented at the end of this 
Appendix for Atlanta Baltimore, Boston, Chicago, Cleveland, Dallas, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Sacramento, Seattle, St. Louis, Washington DC, Georgia 
Station, Gothic, Pinedale, Shenandoah NP, Voyageurs NP, Yellowstone NP, and Yosemite NP. 

Anthropogenic and Emissions-Influenced Background 
(EIB) Contributions to Total Ozone Concentration 
Los Angeles, CA 
Data for the Year 2006 
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Fig. A-7. Binned (5 ppb) frequency distribution of observ ed hourly total O 3 (black curve; 
right axis) and average relative binned contributions of hourly EIB (blue) and 
anthropogenic (red) O 3 (bar.s; left axis) for ambient conditions in 2006 at Los Angeles, 
California. (Source: Lefohn et al., 2014). 
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Anthropogenic and Emissions-influenced Background 
(EIB) Contributions to Total Ozone Concentration 
Houston, TX 
Data for the Year 2006 



Fig. A-8. Binned (5 ppb) frequency distribution of observed hourly total O3 (black curve; 
right axis) and average relative binned contributions of hourly EIB (blue) and 
anthropogenic (red) O3 (bars; left axis) for ambient conditions in 2006 at Houston, Texas. 
(Source: Lefohn et al., 2014). 
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Appendix B 

The Relative Importance of Stratospheric Intrusion Processes Versus Long-Range 
Transport from Asia 

The Administrator has implied that background O 3 might be substantially reduced if 
long-range transport from Asia were reduced through international cooperation (Federal 
Register, 2014). The implication is that one understands the relative role of anthropogenic long- 
range transport versus natural processes, such as stratospheric intrusions, on background O 3 . 

Such is not the case. 

The modeling results described in Zhang et al. (2011) attributes a very large contribution 
of international long-range transport to background O 3 over the U.S. of 9 ppb in spring-summer 
at low-elevation sites and 13 ppb at high-elevations sites. Mowever, the high values attributed in 
Zhang ct al. (201 1) to international long-range transport are not representative or consistent with 
other studies reported in the peer-reviewed literature. Fiore et al. (2009) report much lower 
values for spring and summer over the U.S. (Fig. B-1). In particular, levels closer to 2 ppb for the 
contribution from East Asian and European emissions over the U.S. are presented. Lin et al. 
(20i2a, 2012b) report that for the period in 2010 of their study, the contribution from Asian 
pollution to the western US was ~5 ppb (Fig. B-2 and Table B-1 from Lin ct al., 2012b). Lin et 
al. (2012a) estimate east of the Intcnnountain West that O 3 enhancements from Asian pollution 
were ~ 2-4 ppb. Lin et al. (2012a) indicate that long-range transport of Asia mostly affects sites 
in the West and Intermountain West and that the contribution of Asian emissions on surface O 3 is 
much less than stratospheric O 3 (i.c., approximately 20% of the contribution estimated for 
stratospheric O 3 ) (Table 2 from Lin et al., 2012b). 
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Fig B-1. Annual and seasonal mean contribution to total surface O 3 from foreign source 
regions as estimated from the individual model results in this study (colored by source 
region: green for EU, blue for EA, gray for EA + EU, and red forNA) and from studies in 
the published literature (thin vertical bars for ranges across studies and regions; squares 
where one value is reported; note that regional definitions, methods for source attribution, 
and reported metrics (e.g., 24-h versus afternoon versus daytime mean) vary across 
studies). (Source: Fiore ct al., 2009). 



Fig. B-2. Asian pollution enhancements to daily maximum 8 -hour ozone in surface air for 
May-June 2010, estimated with ~50 km AIVI3. (Source: Lin et al., 2012a). 
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Table B-1. Surface MDA 8 ozone concentrations (in ppbv) averaged over 15 high-cIevation 
western U.S. sites for April-June 2010. 


Sources 

Mean 

Mean for Days > 60 ppbv 

Total observed 

55.3 ± 8.3 

65.1 ± 4.4 

Total modeled 

61.0 ± 8.6 

66.0 ± 8.3 

NA anthropogenic 

11.0 ±5.0 

11.6 ± 5.3 

Total background'* 

50.0 ± 10.6 

54.5 ± 10.6 

Asian anthropogenic'* 

4.7 ± 2.4 

5.3 ± 2.6 

Stratospheric 

22.3 ±11.5 

25.4 ± 12.3 


'‘Includes tlie contribution from Asian pollution and strato spheric Ov. 
’Hased on AMS simulations as described \sy Lin et al. [2012], 


Source: Lin et al. (2012b). 


Lcfohn et al (2014a) reported for the GEOS-Chem/C.AMx model that many of the sites 
across the US, during the spring, fail and winter months, experienced global background O 3 
contributions associated with frequent stratospheric enhancements. In many cases, Lefohn et al 
(2014) reported that the GEOS-Chem/CAMx model underestimated total O 3 concentrations and 
that these underestimates appeared to be associated with the model’s underestimates of the 
importance of stratospheric O 3 . For the GFDL AM3 model Lefohn et al. (2015) found that the 
adjusted daily stratospheric MDA 8 O 3 concentrations substantially contributed to surface O 3 at 
the high-elevation sites in the West and Intermountain West. Langford et al. (2009; 2014) 
described the importance of stratospheric O 3 affecting surface O 3 concentrations at western sites. 

Results published in the literature indicate large discrepaneies in the attribution of the 
levels of Asian pollution O 3 to background O 3 . Clearly, these discrepancies are a topic that 
requires further research. At this time, based on research published in the peer-reviewed 
literature, it is unclear what effect international emission reductions would have on surface O3 
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concentrations in the U.S. Results from Lin et al. (2012b) indicate Uiat stratospheric intrusion 
enhances surface O 3 4-5 times greater than O 3 associated with the long-range transport from 
Asia. Thus, even if international cooperation as suggested by the EPA Administrator could be 
achieved on Asian emissions reductions, it is unclear if background O 3 would be substantially 
reduced because of the important contributions associated with uncontrollable, natural 
stratospheric intrusions. 
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Appendix C 

How Background Ozone Influences EPA’s Human Health Risk Outcomes 
The EPA Administrator utilizes controlled human exposure studies and 
inortality/morbidity and lung-function risk estimates for assessing the health impact of O 3 . This 
information is used to establish the level of the primary standard. The controlled human exposure 
studies provide the Administrator with an initial consideration for the level at which the health 
standard should be set. The risk estimates provide further clarification to the Administrator for 
refining her initial consideration and provides a margin of safety associated w'ith her final 
decision on the O 3 NAAQS. The mid-range concentrations currently observed across the U.S., 
which are heavily influenced by background, play an important role in the human health risk 
estimates. As O 3 precursor emissions are reduced to meet more stringent standards, EPA (2014b) 
notes that O 3 concentrations in the mid-range will occur more frequently and therefore, play even 
a more important role in the risk estimates. 

Risk characterization is the process of communicating the results of risk (and exposure) 
modeling in terms (i.e., metrics) that decision makers can understand. In the HREA (EPA, 
2014b), EPA notes that this translates into providing metrics that are most useful to assess the 
adequacy of the existing O 3 standards in protecting public health with an adequate margin of 
safety and to evaluate the additional protection provided by potential proposed standards. The 
EPA notes in the HREA (EPA, 2014b) and the Policy Assessment document (EPA, 2014a) that 
the Agency has selected aggregate risk metrics, including the number and percent of vulnerable 
populations experiencing adverse respiratory responses based on application of results of 
controlled human exposure studies and the attributable incidence and percent of baseline 
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incidence of mortality and morbidity endpoints based on application of results ot epidemiology 
studies. 

As noted by the EPA in the HREA (page 9 - 30 ) in summarizing its risk results, many of 
the differences in the risk results across the metrics used to quantify risk were driven by how 
each metric was affected by the O3 concentration data input to the individual analysis. EPA noted 
that in general, the impact of the HDDM adjustments to O3 varied based on three main 
considerations: I ) the degree to which the exposure or risk metric was sensitive to changes 
aeross the various ranges of O3 concentrations (e.g., high, mid-range, low); 2 ) whether the 
exposure or risk metric used individual census tract concentrations or area-wide average 
concentrations; and 3 ) changes in the distribution of O3 concentrations in the year of analysis 
between recent O3 concentrations and adjusted (i.e., meeting the existing or alternative 
standards) O3 scenarios. 

One of the important key elements associated with the risk estimates is the change in the 
distribution of O3 concentrations between recent O3 concentrations and adjusted O3 scenarios. 
With respect to the changes in the distribution of O3 concentrations as a function of emission 
reductions, the risk metrics used in the HREA (EPA, 2014 b) were influenced by how the 
distribution of O3 concentrations change. The change in the distribution of hourly average O3 
concentrations results from emission reductions to meet cuirent or alternative standard scenarios. 
The emissions reductions change the O3 concentrations in the high-, mid-, and low-range parts of 
the distribution. A way to provide information on the pattern of changes is by characterizing the 
distribution of hourly average concentrations as higher hourly average O3 concentrations are 
reduced as a result of lowering NO^ emissions. 
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As noted above, the change in the distribution of O 3 concentrations results from emission 
reductions. The shifts in distribution affect both estimated lung function and epidemiological 
risks. On page 9-22 of the UREA, EPA summarized its mortality and morbidity risks by 
observing that generally these risks did not show large responses to meeting existing or 
alternative levels of the standard for several reasons. 

• First, these risks were based on concentration -response functions that were 
approximately linear along the full range of concentrations, and therefore 
reflected the impact of changes in O 3 along the complete range of 8 -hour average 
O3 concentrations. This included days with low O 3 concentrations that were 
predicted to have increases in O 3 concentrations, as well as days with higher 
starting Oj concentrations that were predicted to have decreases in O3 
concentrations as a result of just meeting existing and alternative standards. 

• Second, these risks, according to the EPA, reflected changes in the urban-area 
wide monitor average, which would not be as responsive to air quality 
adjustments as the design value monitor, and which included monitors with both 
decreases and increases in 8 -hour concentrations. 

• Third, the days and locations with predicted increases in Oj concentrations (i.e., 
generally those with low to midrange starting O 3 concentrations) resulting from 
just meeting the existing or alternative standard levels generally were frequent 
enough to offset days and locations with predicted decreases in O3. The heat 
maps presented in Figures 7-2 (page 7-55) and 7-3 (pager 7-56) in the HREA 
demonstrated that just meeting progressively lower alternative standard levels 
narrowed the distribution of risk across the range of O 3 concentrations. In 
addition, the distribution of risk tended to he more centered on area-wide 
average concentrations in the range of 25 to 55 pph after Just meeting an 
alternative standard of 60 pph. The focus of the epidemiological studies on 
urban case study area-wide average O 3 concentrations, and the lack of 
thresholds coupled with the linear nature of the concentration-response 
functions meant that in this analysis, the impact of a peak-based standard 
(which seeks to reduce peak concentrations regardless of effects on low or mean 
concentrations) on estimates of mortality and morbidity risks based on results of 
those studies was relatively small. 

As indicated in the third bullet, the distribution of risk tended to be centered in the 25-55 
ppb range of 8 -hour daily maximum concentrations after just meeting an alternative standard of 
60 ppb. Further investigating the data in Fig. 7-Bl in the HREA .Appendix for Chapters 7-9 
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(EPA, 2014e) on page 7B-3, the greatest percentage of risk tended to also be in the 25-55 ppb 
range for recent conditions (2007), current standard (75 ppb), proposed standard (70 ppb), 
proposed standard (65 ppb), and alternative standard (60 ppb). Figure C-1 illustrates that 
reducing emissions to attain the various standards increased the risk in the 25-55 ppb mid-range 
concentrations from the current conditions and this range of concentrations make up the greatest 
percentage of the risk. In some cases, 90% or more of the accumulated risk occurs in the 25-55 
ppb range. As indicated earlier, background O 3 contributes a large percentage of the observed O 3 
measured concentrations in the 25-55 ppb range across the U.S. (Lefohn et ah, 2014). Therefore, 
the mortality and morbidity risk estimates made by the EPA that were associated with attaining 
the current, as well as proposed lower standards were heavily influenced by background O 3 . The 
observed outcome from the epidemiological risk analyses was a result of accumulating risk 
over all concentrations, including the heavy influenced background O 3 concentrations in the 
25-55 ppb range. 
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Percent Short-Term Mortality 
Attributable to O 3 in the 25-55 ppb Range 
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Fig. C-1. Percent short-term 03 -attributable mortality in the 25-55 ppb range for various 
exposure conditions for 2007. (Source: Data from Fig. 7-Bl on page 7-B3 of EPA, 2014e). 

As noted in the Federal Register (2014 page 75288). the Administrator places greater 
weight on information from controlled human exposure studies (i.e., FEVi decrement risk 
analyses) rather than on the epidemiological results (Federal Register, 2014 page 75288). The 
Administrator notes that the interpretation of the controlled human exposure study results is not 
complicated by the presence of co-oecurring pollutants or pollutant mixtures (as is the case in 
epidemiologic studies). Therefore, she focused her attention on infonnation from the controlled 
human exposure studies. As indicated previously, the epidemiological results were heavily 
inlluenced by background O 3 and did not indicate much benefit as concentrations were reduced 
by simulated modeling. 

While information was provided by (EPA, 2014a, 2014b) and Lefohn et al. (2014) that 
cumulative mortality and morbidly epidemiological risk estimates were heavily influenced by the 
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concentration range 25-55 ppb and therefore, background O3, no such information was available 
readily available to determine whether the cumulative lung function risk estimates were also 
heavily influenced by concentrations in the 25-55 ppb range. EPA (2014b) notes that the risk 
function is logistic and therefore provides greater weighting to the higher 8 -hour concentrations 
in comparison to the lower values. The risk function shows little response when ambient 
concentrations are generally less than 20 ppb for the 10 percent FEV 1 decrement. As emissions 
are reduced to attain the proposed standard levels, the higher concentrations will shift downward, 
while the lower concentrations will shift upward. Both the high and the low concentrations will 
therefore shift toward the mid-range concentrations (i.e., 25-55 ppb), which are heavily 
influenced by background O3. Therefore, it is important to assess the role that the mid-range 
concentrations play in the cumulative lung function risk estimates as emissions are reduced. 
Recognizing that cumulative mortality and morbidly epidemiological risk estimates were heavily 
influenced by background O 3 and we now explore the degree to which lung function risk 
estimates may be influenced by the mid-range concentrations. 

Gradient, an environmental and risk sciences consulting firm located in Cambridge, MA, 
and A.S.L. & Associates worked together to explore to what degree the lung function risk 
estimates were heavily influenced by concentrations in the 25-55 ppb range. Gradient applied the 
Air Pollutants Exposure (APEX) model to estimate children's lung function decrements under 
various air quality scenarios using 2007 data for Los Angeles, Denver, Houston, Philadelphia, 
and Boston. For each of the 5 cities, five APEX scenarios (i.e., current, 75 ppb, 70 ppb, 65 ppb, 
and 60 ppb) were run. The simulations were based on the APEX modeling conducted by the 
EPA which is described in the HREA (EPA, 2014b), including the use of the threshold version of 
the McDonnell, Stewart, and Smith (MSS) model to estimate decrements in forced expiratory 
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volume in 1 second (FEVi). The EPA provided Gradient with the same input files and 
parameters as the APEX modeling conducted by the EPA for Gradient’s model simulations. 

In the HREA, EPA (2014h) modeled the lung function decrements for 200,000 
individuals aged 5-95 years, and reported statistics for various subgroups (e.g., children aged 5- 
1 8). Detailed statistics on lung function decrements for these subgroups for each city, year, and 
air quality scenario were presented in Appendix 6B (EPA, 20l4f). In the Gradient analyses, a 
group of 200,000 individuals aged 5-18 years was modeled. To further analyze the results. 
Gradient extracted detailed model results for a randomly selected group of 25,000 of the 200,000 
simulated children. This was necessary because the APEX output files for the total number of 
simulated children were too large for Gradient to analyze. The output data included FEV i 
decrements over the period of the simulation, divided into I -60 minute events. For each of the 
25,000 children. Gradient identified the maximum FEVj decrement during the simulated time 
period with duration of 60 minutes. Then, for each simulated child whose maximum FEV| 
decrement was >10%. Gradient extracted the hourly ambient Oj concentration during the 60- 
minute event. Finally, Gradient binned the results by the ambient O3 coneentrations (in 5 ppb 
increments). Figure C-2 illustrates the APEX modeling process that Gradient employed. 
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Figure C-2. APEX modeling process used by Gradient for the 5 study cities. 

The overall results for the Gradient APEX simulations of 200,000 children aged 5-18 
were compared to EPA estimates to ensure that the modeling results were consistent with EPA's 
reported results. Specifically, Gradient’s results were compared to the percent of children aged 5- 
18 years with FEV| decrements > 1 0% that were presented in Appendix 6B (EPA, 2014f). 
Gradient's results for each simulated city and air quality scenario in 2007 were within 1% of 
EPA's. This indicated that Gradient’s analysis was based on a set of individuals that was similar 
to the set modeled in the FIREA (EPA, 2014b). Table C-1 summarizes the comparison between 
Gradient’s and EPA’s results. 

A.S.L. & Associates utilized the Gradient results from the APEX model to develop 
figures that illustrate the percentage of the cumulative frequency of responses associated with the 
25-55 ppb range for the Los Angeles, Denver, Houston, Philadelphia, and Boston urban study 
areas. The estimated risk, summarized in 5 ppb concentration increments (i.e., bins), was 
summed over the 25-55 ppb range and divided by the total accumulated estimated risk and then 
multiplied by 100, This calculation provided the determination of the percentage of the 
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cumulative frequency of responses in the mid-range concentration of 25-55 ppb. For 3 (i.e., Los 
Angeles, Denver, and Houston) of the 5 cities, a large percentage of the cumulative frequeney of 
responses was affected by background-influenced mid-range coneentrations (Fig. C-3). Figure C- 
3 summarizes the effect of background O 3 on EPA’s lung function risk assessments (FEVi 
decrements >10%). This figure foeuses on mid-range concentrations for children aged 5-18 
based on APEX model output for Los Angeles, Denver, Houston, Philadelphia, and Boston. 

For Los Angeles, a large percentage of the cumulative frequency of responses is 
assoeiated with the 25-55 ppb range for attainment of the 75, 70, 65 and 60 ppb levels (Fig. C-3). 
Baekground O 3 plays an important role in the cumulative risk. The cumulative frequency of 
responses for daily FEVi decrements >10% were 9% (current level), 52% (attaining the 75 ppb 
level), 65% (attaining the 70 ppb level), 77% (attaining the 65 ppb level), and 91% (attaining the 
60 ppb). 

For the Denver urban study area, a large percentage of the cumulative frequency of 
responses is also associated with the 25-60 ppb range for attainment of the 75, 70, 65 and 60 ppb 
levels (Fig. C-3). The accumulative range for Denver was expanded from the 25-55 ppb to 25-60 
ppb because background O 3 at this high-elevation study area is greater than at low-elevation 
sites. Lefohn et al. (2014) notes that background O 3 contributes approximately 70% to the 
observed concentration in the 55-60 ppb range (see Fig. A- 6 ). The cumulative frequency of 
responses in the Denver urban area for daily FEVi decrements >10% were 33% (current level), 
56% (attaining the 75 ppb level), 72% (attaining the 70 ppb level), 87% (attaining the 65 ppb 
level), and 97% (attaining the 60 ppb). 

For the Houston area, a large percentage of the cumulative frequency of responses is 
associated with the 25-55 ppb range for attainment of the 75, 70, 65 and 60 ppb levels (Fig. C-3). 
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The cumulative frequency of responses in the Houston urban area for daily FEVi decrements 
>i0% were 12% (current level), 49% (attaining the 75 ppb level), 64% (attaining the 70 ppb 
level), 80% (attaining the 65 ppb level), and 95% (attaining the 60 ppb). 


Effect of Background O^on EPA's Risk Assessment 
Lung Function (FEV,) Decrement’ for 25-55 ppb Oj 
2007 


100 - 



Fig. C-3. The percentage of the cumulative frequency of responses in children aged 5-18 
associated with the 25-55 ppb range for the Los Angeles, Denver, Houston, Philadelphia, 
and Boston urban study areas using EPA’s APEX model. 

While the concentrations in the 25-55 ppb range played less of a role in the cumulative 
lung function risk analysis for Philadelphia and Boston than for the other 3 cities, a great deal of 
the accumulated risk was associated with the 25-65 ppb range, especially for the 65 ppb and 60 
ppb scenarios (Fig. C-3). For Philadelphia, the cumulative frequency of responses for daily FEV i 
decrements > 1 0% associated with the 25-55 ppb range w'ere 5%, (current level), 20% (attaining 
the 75 ppb level), 32% (attaining the 70 ppb level), 51% (attaining the 65 ppb level), and 73% 
(attaining the 60 ppb). For Boston, the cumulative frequency of re.sponses associated with the 25- 
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55 ppb range were 6% (current level), 13% (attaining the 75 ppb level), 1 8% (attaining the 70 
ppb level), 32% (attaining the 65 ppb level), and 53% (attaining the 60 ppb). 

Similar to the morbidity and mortality health risk estimates that are heavily influenced by 
background O3 in the 25-55 ppb range, the cumulative lung-function risk estimates for Los 
Angeles, Denver, and Houston also appear to be heavily influenced by background 
concentrations. 
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Responses by Mr. Eldon Heaston 


Atlachfncni B 

Ricspoui-i of i.'.jc!oa Ikasson (Air Pol’ulioir Comr')! Ol'fiu^r; NiMjt'vc Dcscil Air 
M;snagt'i!H:j3‘ Oisirici and Antdojie V^iky /Vir Quality Mrma«etnci:! Disltict) tu Addilior'.ai 
Submitted Questions 
in Kuhition to tht hearing cnf:t{<;d; 

HeuHiy Check: Thi' Inyxsci and Achievahnily af R F^'ojxjMid O'som' ^iiatufani.', 
'luc.nmy. Mureh 17, 201? 

ITouso of RfprcscntAtivtrs, Conmnitee on Seivnee. Space and Ttf*iuioI(>g\ 

Question: Ef^ A did no* idomify comrok capnhle etj achieving aiimist half itie emissions 
■•ediictions needed in lite east -and all of the reductions required in California •• to nted, its 
slritigciU profx'jsed o/one staaJcird. Snoulri wc i)c urqXismg this much baedfi! on the Aivicrican 
peopU' wjicn El’ A doosn’'- even know hew this rule car. l>e actrinipE-iheU'^ 

Answer; The cuvrersi U.SEl' A pi.tprrisai to lower the O^nne National Ambient An Quahts 
standard ?NA/\t)Si jo :u leasi TO npm over itti 8 hour tiine *xiriod is verv cuise ro aiPOieui 
Sui <■ u id 1 » '• oi t .’■< Ju ui mfiny areas of the couniry. Since the l.lean Au .-^x! u,..A.A i is 
f ( iioi i> V V i J o 1 tyiiiUviuii fiorn siationaiS- sources the prinuuy- bua'eo from <i lowcreu 
'•M I. i' 'I tihi.j'iUu' siat.onary iOiirco,s. Curi'OHl nc-natiainaieul iioib, 'k.,^ . %vh-’v or 

p- t ti th I 0 .dm* lied i i probieai- arc aJneady imposing Best i\vaijr.!v)k* Control 
(. r j’ ( '■? ' { ) 1 on tcnv ot modiried xtiajiir sianonary sources. I os'- p »!'<!' i ta , i ' i!,TPi,ni 
L ' 1 T'-'osi R’'.soi\ mis AvailahJe Contro! I'cchnoiogy iRAC 1 * ‘•'er.rimui n i c 
ui I - 1 nn 1 , ‘-v, B \( 1 cOO K-ACT fhctearc siiU cmiss-iotis vrhicl wUi leu O', to > 

X tc d lu’ a' an^^ctrdospoit from other countries and mar nc vv sv-S), it -n'r '>r<J 
, \h II , u I.-', Jcl p’anes, trains, and automobiles) than the.r 'Ui or>.i,-\ ^ ir 

\ ‘(I )( 11 } ir. K fiiT'o mposetixo iioa^s shiuxrof'ilie burden d spu)!'';'* on .oi iniy 

I. ( o't’ ui^ {MHtVi >u p'-eb’ern. 

1 , ;4ii ■> 1 lif t (PC C A \ oO'' the rtgulaiioKS iixipicmenting it have an aslei-iua'-c ineri'icid to 

address transTHvrtcJ air piasai,u»!v Tn fac! the CAA seems to presume (hat al> npov >-* a,e<>- w i) 

’u t j j! n< )( I .n'r>''C‘ip stuTas and thus tighter conifols than ovet-.vheim!i>giv •rnpactexi 
v1 ' 1.1 Slid '■.1 ( ntofi ■li'*!?)'. this is not always the ca&e. In ntarsy inslances fiic ’.ipwiiTC luea 

h on q 1 \ tkni ■‘1 vver u somc ca.sc.s such as Bay A.rea .Air Quaiicy ^y!^r)a£tc•mcri■it i.hsuici u 
h Kli fiotuiUjmiict 1 ituiiis (I cn iiicif downwind countcqjarts. Furllicrmore. over coiitiol of 
VoUiiiif Orgaruc ( oinpouocU v^qx,.) an O/’cuu; prwunior often vviil re.^dt in a shi.fi in ivwjvtf 
forauuion to a dowriw-ind where tJterc u; ciujuidi VOC to combine with ttie Oxides of 
N'iicogen (NOk), Net resDli is that many downwtnd arcus c<n,iid produce lithe to no eotissions 
and .still exceed the suutdovd. Onte agaiti It doe.s noi .ippearto be fair ut imposs'; sinrilur burcierj.s 
on upwind podution dealing areas and downsvind receptor aieas wlticli will undoublcdiy hapt'icn. 
if the sUindar,! is lowcivrd. 

The effects of a tower rncone slandurJ wiil be exacerbated by titofaef tlutl many of the downwind 
area;-; hirppt’fi to H- licdrootr. cominuriiiies with kirgc arnoaoTs of coinmiuors io upwiikI rtrea.s. In 
areas such as ihese a hirge pinfiori of the emissions invonicry is produced bv mobile sources. 
Slices licaliy aiuoinotive emissions. Cue of tl-.e best and most cost eiilciciu v/ay.) to cut down on 
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emi 'S'firo; by tommiacrs is to reduce Lhe vehicles miles travcie-J (VMT;. iitL- sioipicst 

v-ay U) reduce V\'rr is Jo huve the jobs cioaer to the p(x>p).ereffonuiiig ttscai. i.hitotninatch in 
lli'C liidnsirial secToru louct o2;<»ne- staticirird s/iil infekc ii that r.juch more dilucuil lo move 
maruiraciunnu und industtia! ofrerahou-s as weil as aiiraclncvv job opportuniiieb. Once auaiii ihc 
propose-.:! iowwr surndard wiiJ btr more dilfrcult to attain and fas{n'opoiiion<iie!y piaw Uie burden 
00 sources tiiai arc airciuSy higiily regulated. 

I'itiiiil)'. \'.'hea a,ita!y 7 .ii'jgt.he porcr.tiai i.>iU!{enor<he propo.scd lovvcr ozorte sue.'jdarJ ibe enVets of 
the previous 200 S change In the Oziusc NA.AQS have not really bce.u cousidereu. Hue to our 
iitigioiis .'toctery, especially in the ettv/ronmeinai held, iiuplcmcntation of tho currom Ozotre 
N/\A (.)8 is only r{.*ca.tli> becoming widespread. In the Mojave Desed and .Antelope Valley Air 
Cloaiity ManagL-ment Dl.slxicis {M!)A()Mj) and AVAQMD n^spccnivcly), for cxaniplc, we are 
juM itov, updating oui rales and reguiajHjas lo obtain reductions inundated iioder the current 
stun.dard. Th.I:> delay tneans dial wc arc most likely no? yet seeing lhe fnli exlctU of uiv cjualiiy 
Iniprovumerus driven by the currerti su-Jidard. Ukcwtsc v\ c are not yet sveimi the iuli ccouornic 
unpact m tltc current stamiiird on regulaied iadustrv'. What we are seoinu. heewever. it dvu due la 
the iircsumnnons inlk-rcin in the CAA isthc conccntrauoiiot p. huti 12 octiM »* n nc '■ i <n,rc 
u'uu.K c a neavv hurdetj oi air pollution. Ihcroqnircottiif vh c ti 1 1 t nn 

•vduv.iet. . ’1 I f! hi-*' havernany iH'jUfces yl'ts Unnon ov h jiib ikj !i 

'I L. V...} n I luijs »i t nlv where new induslnal acUvitv rnav oceiri'. 

emi .!}/'! iK'ht^i irc' nn •» ireas vvitb a better carrying cupncilv -s } ^ i in a i 

‘ 1 St I 'U L j't. uf t ch • pov oIc 'noer die current CAA mbric-, 

‘j ni n ’ 1 ‘ ‘'n the %tmSapc ixiiin ol a primary regulator in direct contact wph the reyukted 

v-('i’ f V ..'■‘d i! t. i.encrKi oubi-c, if the NAAQS arc indeed inwored tu the proposed st<indu.i d 
f . .s PUhT 'jiden udf an>v be eased by nn overhaul of tJie CAA.. 

Questiosn ca. '.iiUt-agaes at the Souih Coast Air Quality Management Distriet rcceritiy 
considered hann.ito bench hanilrc.s to rtiee.v air .standards, is this an exaninle of t(u: types o!' 
meusiros ihai l. J’.A icsers to ai “’inknovvii coritrols'”? 

An.swf-r: As Hie .Atr Pobaiion Control Orltoer (APCO) of '^mother air district in a comnlecyly 
cliffereii! t-.tr htesin 1 am iiioj;; lik'eiy not the coneci pst^'soii to areswer qoesnons regr-ui 'be 
i.inderlviiig jiiilifiOiilion-. for the ha,nni?!g cfbcach within the bottih Ceasi Air yuiai.iiy 
.Munagcmeiit iiiisuivi (SC.AQMD). H would be much luoic ar-propriaic for the coninuctec vo 
request irtCorenation from St.'AQMl) di.rettly regordiue how the proposed ban fit.?; into the 

of their overall airqiiflUty imjiinmeiit planning efTorts. As Caras I am »w?irc, fiCAQMD 
W'lis m.'f planning to take credit for cmi.ssionH P'^ductums ctmsetl by the proposed ban lo meet the if 
ail quRl.'ty attainment go:i.!s. 

.A:i a pcv.so.n with e.xpe>li;;c iti uiruvwliiy issues the SC.AQMD's action soems lo be primarily a 
I'esponse t<' a ioca! nuisance is.sue. \n Southern California Ix'och firt-s avc goneiaJiy v}.ew\x! a..s a 
ecrerruniiU evein and in .'^omc cases paid of an imoftkiai rite ofp-issuge. .Soino beach 
communities \V(--)C(iine such evenis ■.vhiie others have issuers with the pfaciico. This x'aries widely 
iviscd upon iocnl land use. ferrain fearurcs. prevauing wind dlrt'ction as wet! ;ts culiura! taeiors. 
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Si;j)arairi> lifid these I'aclors ean impacl the buixieu placed upirtn 'oeal resideno In suck 

Bunkng ol dira'coal aad c!e.m wood primasily produces I’aidiculatc Mutrer (PM) emisruons raLhec 
than ozoiie precursois. Problems tend to arise when other maieriai is burned, either intenhonally 
or inadverlouTiy dtse to frftsh xu other debris being left in a ore ring. Kiiming of such extraneous 
materials can cfeaic as best a nuisance and al worsi a toxic air containimuK problcjn downwind I 
believe that SCAQMD's ultimate sjrknion rcgotxHngiim.iling tl^c numbers of lire nogs; md 
insisting, iooai eotrmtunities with the loctnion tmd spacitsg cfsuch ring„s is a reasonabie solution 
10 what appears to be a i.ooal issue iovolvini; area rcsiderus reeling ovcrwheiraisigly inipacrcd by 
oil! of area beach users. 

Questioni ElkA 'scost ruioJysis claims that the costs of tnmicmcidiijg its prxtpused 'oxune 
staadnrd luvve gone down bv $ 2 '-? biliion in ibc last four years, is this cvimistenl with yvnir 
oxperioiice • has li-ere bocn <:onic sort of bresktitrotigh in the !a?t Ibur yoar<i'' 

Answer: 1 o my knovviedge there has not been an overali iHvaktlyoach ca'ismv a n'ass^t e 
icouctKi!! in ihc >d conttxn eqiijpmciif during lue last four ye-ars. As yt'U iuc aivurc !i. vt.'j 
td ' \v ^ ert l>^Ku 'uJu'h' specific i.md .H moving target. Bc-thBA.t.’l texunve tnar th.c 
xkr , 0 . «A riMcnce afid both ha' -e soDie measure »>f 004 anaiv >ic Of ..out 'C 

'To ji mam' rrc-OiiUK nof a pnrticulai' technoiogical coniro' means I'l i' iht xw.lv<>;' -j.) 

I \ i "I '•ro. 4 . '..a . oJ lb.-> U!;Hr may not, in maisv cases, he sigjtifietm; di ^ ’c n-e sis lU [he 
' i. V,' 1 'o '"’ocjce tPJiie.. sack as spcciaiiii^ed x-atalyst-s. in addition, snanv ol ihcsi.; 

1 • s >iigsi3.. to- and iiiiist he jssKcificaUv lashTTcd to mcel the tcciiiuviiu-iits lil a 
lint ' u’ ' ^ ^’ris-'U'ns ' uts, costs and ittbor u-sed to desigr: .usd u siai .-.m o- it/tht*. 
vtU! ren\o.\u oiufs. 

v )' ! lO I { M^'vitri.s tiial u k>vver ozone- slartdard may force .many ;irca:i to ifnr-o.si,' 

i‘)4v t< Wt »i 1 BaCT. In fttcr (his is iihcculy happening hi SC. AQMD where B Ay i 
! it.x< 11.1 t 3n-_ i nmes closer ro a siundarxi known as Lo’west .Acliurvabic kmissions Hn!c 
> 1 ./'» LP. ). { ,Ar k Ai-’s no cost coruridefanori and thus is tite most strint’cnt. ana mo.'t* cosii\ . 
t K j' d\ a. (t k ’cu? iliai llPA’scost iVtaiysiE mid not feciored in t'l'* {H-re.-u il ktr <it.u .o nc 
qn f(.d 'o imp> s. i ■-* i k levH controls in order to jiieet ihc proyn'r-ed lower .sraodard. 

Question: t'P.A assumes a lot of aO'CaHcd ■'unknown ceiUTiib'' to accomplish its stringeut 
proposed o/one standard, i'kics the use of Uic vvords 'tjid<no\vii controls'’ give cosiOdeiscc that 
CMcnt or cm&t or tmpopuiar meastnes req*ured to ucbiev'c tin'? proposed standard i.s renily 
understood? 

A«ji\vcr; in oiy t-xperiunce ‘“unknowm eonirois" is scupIicnu.MU foir'keclmolc'g.v ibrci.rtg” 
fequirojneni..v itnd "i.^AE^'R, LA?:H everywhere.’'’ Also in mj' c.xpe.rie.ncc, th«: intaa.ef.ion of L.ABR 
level coj-ilfols and tcchnoloay torcirig meastu-os can have sccioiis uiriritendcd conseqiicocv;;;., For 
extimple, an at’i'0.sp<nee company in one of m\ di.stricLs insiaUed a Regenerative I hermnl Oxidizer 
(RTO) L'o born off e.xccss Vt)Ci IVoui ihcir .rssembiy and painting procesf«.is. Thi-S action wm 
iakci’j in an ai tempi io meet H.ACT icvei.s of emissions (which hanp-ccicd to he ciuscr i:o LAHK) or 
ihc !.in?e In ;i paru’lc! track a (ccluiology forcing ruk itssuiicd in reforntutaiion of coiuings to 
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i d 'Ud,'' . nht ‘-I of v(K'. VOC' emissions v\^r^ reduced to tb» ,'Oi'u 

aictS'’ j] V u5 luii-mng iiiitaml giisaj: asupplemetiral fue! bin toe ’ sX wifiss<i>' 
ari. i.vH) rrntn j> rueet h/\(rr levois. Net resuit is addifiosial NOx fironi coo'Ha'niion ccHrMn-' 

00? ^^! fhi; K > i), i ij<r. e >t-t u> see r.PA adequateiv address such issues in anv ol thevr ndi* makios* 

aeiivitieii. 

QucsHoh: I'i^A assumes '■unknown ftmu-e technologies’' %V){I iH.* cevdoped to meel {heir 
striowent iC'i'ulalions. Is this a rcai'-oooble assiuopiion'? What are ^‘unknown controls" in 
I'mcucc? An; they measures like shuning clown p<o\ver phinis, loss oconoroic activity and 
iTiandaloiy ek-crric cars? 

Answer: I he development of ■•vw.Vnuwn future tccluioUtg^ics" b going to be higliiy N tiriabh-: and 
ittdvLsIria! source category s]>eeific. -Some industrial. ojxTations will have potorttial iVx; innovatiojt 
wl'.iie otheiT. do .noi. 1 he pmWent with technology dex-eiopmeni is that you cannot ict’if.dnce « 
brc'akf.hn.u.igi'i. 'thuj can encoumgc toolirsology devciopincnt if you nre willing to covnniif 
>atjs!iiut;ai tuaditjg ;u»J mieilecluHl nssotirccs to the effort. Even if you create the environntental 
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Submitted by Committee Ranking Member 
Eddie Bernice Johnson 


From rural Utah to Dallas and L.A.: 
SinoQ besets cotninumties across 
U.S. 

As EPA looks to tighten ozone standard, battle lines form over cost, health 
benefits 



RANDLETT, Utah — Mountains sweep up from a 
landscape of red dirt and brown scrub. Pump jacks nod, 
pulling oil and gas from the ground. Deer dart tow'ard a 
river. Trucks swish by, a few at a time, past the Ute Indian 
reservation. 


Key findings: 

It's notjii.st L.A.; Fr 


It’s an unlikely place to find ozone levels that sometimes i i u.; cr-M pia-ue 
rival those of smoggy Los Angeles. 


Too-high ozone, it turns out, bedevils communities 
across the United States. It's not limited to the urban 
centers that have struggled for decades to reduce the 
Umg^damaging air pollutant, created when nitrogen 
oxides and volatile organic compounds bake in the sun. 


There’s ozone above the federal standard in smaller citie.s 
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such as Cincinnati, Ohio, and Middletown, Connecticut. 

Because the stuff doesn't stay put, it's often worse in 
suburbs than car-clogged downtowns. And it's over the 
threshold in parts of the Mountain West, exactly where 
you'd expect the air would be cleanest. 

But even that fails to capture the full picture. For almost a 
decade, the U.S. Environmental Protection Agency's 
independent scientific advisory committee of researchers 
and doctors has said the nation's ozone standard is too 
lenient, a point of view backed by the American Academy 
of Pediatrics and other health groups. 

Get our email newsletter 

Sign up for tha Ceniet' for Pubiic Intcgriiy's Watchdog email and get the news you want from the Centei- Vv'hc:)n you want it. 
Email f^ddrass 


Mere options V 


EPA’s science advisers have said since '06 that 
U.S. ozone standards don't protect health. 

Current U.S. smog standard, set in 2008, is the 
first one that's stricter than the original limit set in 
1971. 


That means people in a wide swath of 
the country breathe air that doesn't 
violate any rules — and thus doesn't 
trigger any warnings — • and yet, 
according to research, is unhealthy. 
That's particularly true for the young, 
the elderly, people with lung diseases 
and outdoor workers. As ozone rises, 
even to levels below the EPA's 75 - 
parts-per-billion threshold, studies 
have found increased asthma attacks 
and respiratory-driven hospital 
visits. There's also growing evidence 
that ozone can affect the heart, 
increasing the risk of cardiac arrest. 


Winter Ozone in Utah's Uinta Basin 



“The science is showing how much more harmful ozone is than we previously 
thought," said Janice Nolen, assistant vice president of national policy for the 
American Lung Association, which sued the EPA to press the agency to act. 

The EPA's advisory committee has said since 2006 that the standard should 
be between 60 and 70 ppb. In November, the EPA proposed a range of 6s to 70 
ppb, saying it would save both medical costs and lives. 

The geography of smog 

The U.S, Environmental Protection Agency w-ants to tighten its standard for ozone, the lung-damaging gas in smog. It’s 
censidering a range of 65 to 70 parts per billion, any part of which would put a significantly broader swath of the country out 
of compliance, requjring government agencies and industry in those places to step up pollution-control efforts, This map 
shows which counties .measured ozone levels below and above the proposed limit, including which areas topped the curren? 
75 ppb standard, during 2011-2013. Click on counties for more information. 
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There are miliions of Americans who suffer from asthma, or their kids do," 
Janet McCabe, acting assistant administrator for the EPA's Office of Air and 
Radiation, said in an interview. "The American people are entitled to know 
whether their health is at risk based on the amount of ozone in the air." 

A final rule is due by October i. 

The EPA’s proposal turned a years-long cold war into a hot one. Tightening 
the rule by just 5 ppb could cost certain industries billions of dollars a year to 
better rein in ozone-causing emissions. 

Those pollutants come from a variety of activities that make modern society 
tick. Car tailpipes. Power plants. Factories. Refineries. Natural gas wells. 
Paints and other consumer products. Whenever tlie EPA proposes new ozone 
standards, the pushback is rapid. 

The National Association of Manufacturers said the rule would be "the most 
expensive regulation ever imposed on the American public." A U.S. Chamber 
of Commerce official testified in January that the proposal could cause 
“potentially devastating economic and employment impacts." The American 
Petroleum Institute insisted that the current standards already protect public 
health. 

Busine,sses haven't made the same arguments in Canada, ivhich has a 
voluntary 63 -pP^ standard. Much of that country has reduced ozone levels 
below the range under consideration here. But the statements from American 
industry especially predictions of economic devastation — echo every U.S. 
ozone battle for the past four decades. 

Not every old argument has been resurrected. No one seemsto be seriously 
suggesting this time, as the American Petroleum Institute did in the 1970s, 
that the major polluters are trees. 
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But now, with ozone weli below where it was in those years, trade groups and 
some states say future reductions will be far more difficult. 

"What we’re bumping up to in the West especi2illy is ... we get things in from 
California, we get a lot of tropospheric ozone coming in from Asia, and so if 
EPA puts that ozone level down towards 60 ppb, we could wipe out all human 
activity and we still would have pretty high ozone," said Kathleen Sgamma, 
vice president of government and public affairs with the Western Energy 
Alliance, an oil-and-gas industry group. 

McCabe said the EPA doesn’t ask high-ozone commimities to stop growing 
and will work with areas that have unique challenges. The National 
Association of Clean Air Agencies, which represents the officials in 41 states 
and 116 localities who handle ozone efforts, endorsed a tighter standard this 
year. 

But the last time the EPA considered taking this action, it was staved off by 
intense lobbying. There’s plenty of that going around again. 

Fourteen of the companies and groups that consistently lobbied Congress, the 
EPA or both on ozone in the past two years have publicly stated their 
positions on a tighter standard. Only two — the lung association and the 
League of Conservation Voters — are for it. The rest — business interests, 
largely trade groups representing manufacturers and energy firms — ■ are 
against it, according to a Center for Public Integrity analysis of federal 
disclosure data. 

"We absolutely at this point are urging the EPA and anybody else who will 
listen to us to keep the current standard,” said Ross Eisenberg, vice president 
of energy and resources policy at the National Association of Manufacturers, 
which hears about regulatory delays and high expenses from members in 
ozone "nonattainment” areas. "At a time when ... we’re having a 
manufacturing comeback largely because of energy, this just seems like the 
wrong way to go.” 

A stricter standard could affect almost every state. The EPA says 358 counties 
had ozone levels in recent years that would violate a 70-ppb rule, about two- 
thirds of which are out of attainment with the current standard. At 65 ppb, 
the number rises to 558 counties. 

Under the Clean Air Act, the EPA can freeze federal highway funds and 
impose other sanctions on areas that exceed health standards. But regions 
need only to submit plans and take steps toward achieving goals. McCabe said 
she expects many communities will be able to push their ozone below the 
threshold just by reaping the benefits of already enacted federal rules. A 
major one is a 2017 change in fuel standards. 

7As my lungs got worse, the high ozone would affect them more and 
would be like going outside on a subzero day — my lungs would lust I 

- Danisi M. Dolan-Laughi 
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Ozone isn’t something most people worry 
about. It's confusing, for one. Up in the 
stratosphere, ozone is good, creating a layer 
that protects against ultraviolet radiation. It's 
the stuff down at breathing level that's bad, 
irritating the lungs and — research suggests — 
inflaming the blood vessels. 

On top of that, it’s invisible. Only when it mixes 
with particle pollution does it pop into view as 
smog and offer a visual cue that something's 
wrong with the air. 

But Daniel M. Dolan-Laughlin pays close 
attention to ozone levels near him. He's had to 
ever since chronic obstructive pulmonary 
disease began making everyday activities 
difficult in the 1990 s. 

"As my lungs got worse, the high ozone would 
affect them more and more,” said Dolan- 
Laughlin, a retired railroad executive who lives 
in a suburb of Chicago. 



Daniel M. Doian-Laughtin. a Chicago-are 1 ■’ i s n diohas 
testified in favor of dean-air regulations 8 1 i i n^zone 
made it increasingly hard for him to breatne as his lung 
disease worsened. He received a double nvj!! i plant in 
2011. Even now, he wears a mask if he me f ' itvd'ien 
ozone levei-s climb. Courtesy of the American Lung 
Association 


His disease made it increasingly hard to breathe, forcing him into early 
retirement in 1994 and later onto oxygen from a tank. Even with the oxygen, 
he couldn’t go outside when ozone levels rose. 

“It would be like going outside on a subzero day,” he said. "My lungs would 
just freeze up.” 

Dolan-Laughlin received a life-saving double lung transplant in 2011. Now he 
can walk up stairs without pausing every few steps to gasp. He’s climbed 
several mountains, in fact. But he won’t go out on bad ozone days without a 
mask. 


Dolan-Laughlin, who has testified at EPA hearings in favor ofa variety of 
clean-air rules, hopes the agency will tighten its ozone standard. 

“I'm a strident capitalist,” he said, “but I'm also an environmentalist just out 
of common sense.” 


Dianne LaFaver, a teacher who lives in the Dallas-Fort Worth metropiex, an 
ozone-challenged region, also wants a tighter standard. 

LaFaver’s daughter, 22-year-old Laura Day, has asthma. Before Day left the 
area for college, her mother twice had to rush her to the emergency room on 
high-ozone days. 

“She hadn't been exercising, which was the normal trigger," LaFaver said. 
"She hadn’t been stressing herself. We were just in the car. ... At the 
emergency room, they were saying they were having lots of visits.” 
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Dr. Alfred Munzer, a lung-disease specialist who retired last year from 
Washington Adventist Hospital in Takoma Park, Maryland, saw 40 years’ 
worth of patients affected by ozone. There were the asthma attacks triggered 
by it — ozone causes spasms in the respiratory tract — and the infections that 
cropped up a day or two later because the pollutant interferes with the lungs' 
ability to cleanse themselves, he said. 

“There really is, as far as I know, no really safe level of ozone,” said Munzer, a 
former president of the American Lung Association. 

The American Academy of Pediatrics has warned that children are more 
susceptible to ozone's effects because their bodies are still developing. The 
EPA’s proposal, the group said in November, is "long overdue.” 

The politics of ozone 

That's also the message coming from the EPA’s 
Clean Air Scientific Advisory Committee Ozone 
Review Panel, whose 20 scientists and doctors 
are largely drawn from universities. 


Last year panel members unanimously 
recommended tightening the ozone standard. 

While they said a range of 60 to 70 ppb would 
be better than the current threshold, they 
warned that the upper end might not “protect 
public health with an adequate margin of 
safety.” 

The panel unanimously recommended the 
same range in 2006, under President George W. Bush. And in 2008 and 2011, 
for good measure. 

The panel considered the science. Out in the wider world, politics took over. 

Though the EPA can consider only public health when it sets the standard, 
not factors such as cost, the agency disregarded its advisory committee's 
recommendation in 2008 and lowered the threshold from 80 ppb only down 
to 75. The EPA reconsidered the matter after Barack Obama was elected 
president. But following industry lobbying, he blocked the agency from 
setting a lower level in 2011. 

Obama said he didn't support a change at that time, given that the standard 
was due for reconsideration in 2013. And he emphasized "the importance of 
reducing regulatory burdens and regulatory uncertainty, particularly as our 
economy continues to recover.” 

Then and now, business groups and key Republicans in Congress have 
contended that a lower standard would be too costly and difficult. 

“EPA’s proposal ... will lower our nation’s economic competitiveness and 
stifle job creation for decades," U.S. Sen. James M. Inhofe said in 
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a .statement in November. Now chairman oftlie Senate Environment and 
Public Works Committee, he plans to hold hearings about the standard. 

Air-quality officials in some states see a tighter standard differently — as a 
welcome relief. 

Maryland is one example. Despite its ozone controls, the state had some of the 
highest concentrations in the East from 2011 to 2013, according to the most 
recent data from the EPA. 

That's because on almost all bad ozone days, the air already violates current 
standards as it crosses into Maryland, said Tad Aburn, director of the state's 
Air and Radiation Management Administration. He wants to see upwind 
states reduce their smog, so he favors a stricter standard. "It’s really a regional 
problem,” he said. 

An unexpected location 

Air-quality field tech Mike Natchees traveled a wide-open stretch of road one 
drizzly January morning, past sagebrush, pump jacks and a gas flare burning 
like an oversized birthday candle. His goal: a shed-like structure atop an 
impaved hill. Inside, devices measure how much ozone is in the air. 



f 1 1 in n I lh( Uinta Basin, but theacencysaysii’siakingmanysteps torsducetraT'cand ( P '' c 1 1 p 

n ‘ h ' opkins/Center for Public Integrity 


That air is in Ouray, Utah, part of the Ute tribe's 4 . 5 'milUon'acre reserv'ation. 
Cattle and wild horses probably outnumber the cars going by. 

'Occasionally we see antelope out here,” said Preston McDonald, the tribe’s 
head of air-quality data analysis. 

The resewation, along with -wide swaths of federal land and small towns, 
makes up the Uinta Ba.sin in northeast Utah. The mountain-encircled region 
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sits far from urban areas. Population in the largest city. Vernal, barely tops 
10 , 000 . 

Yet the region has an ozone problem. Notin the summer, but in the dead of 
winter. 

Ozone has to be cooked into life by sunlight, which is usually too weak in the 
winter to produce much photochemistiy. But reflection off snow gives the 
basin's sunlight an extra kick. Snow cover also causes temperature inversions 
that keep polluted air from rising out of the basin. 

In such conditions, volatile organic compounds from thousands of oil and gas 
sites across this region drive ozone way up. In 2013, an inversion-heavy year, 
the eight-hour average ozone level in Uintah County — spelled with an "h,” 
unlike the basin — exceeded the standard on 54 days. Concentrations spiked 
as high as 142 ppb, according to EPA figures. That's “code purple," the worst 
category for air pollution warnings. 

Los Angeles County in California, by contrast, had 59 days that exceeded the 
standard that year, none of which were code purple. 

The problem came to light in 2009 after a settlement between the EPA and an 
energy company operating on Ute land brought air monitors to the area, 
including the one in Ouray. The state kicked in money to study the problem. 
So did the Western Energy Alliance, federal agencies and other groups. 

The studies determined that the oil and gas industry's volatile organic 
compounds, or VOCs, are the big contributor. Annual emissions in the basin 
are on par with the VOCs spewed from 100 million vehicles driven thousands 
of miles each, according to a University of Colorado Boulder study. 

“What might need to be done ... and whether it would put the stranglehold on 
our oil and gas industry and shut it down, or whether just a little bit can make 
a big difference, are questions that are open still,” said Seth Lyman, a basin 
ozone researcher who heads Utah State University's Bingham 
Entrepreneurship and Energy Research Center. 

The state of Utah requires stricter emission 
controls at new oil and gas sites than it did 
several years ago and passed regulations last 
fall to phase in retrofits of older, leaky 
equipment. 

“VOC emissions should be reduced pretty 
dramatically ... as things tighten up,” said 
Brock LeBaron, the state’s deputy director of air 
quality. 

The environmental group WiidEarth Guardians r' ' , ' 
argues that those efforts aren't sufficient, given - ' , 
the problem’s scale, and contends that all levels 
of government are falling down on the job in ■ • 





212 


the basin. Many wells are on federal land. 

The EPA has also declined to designate the area in violation of current ozone 
rules. (Its decision hinges on the fact that much of the past ozone data conies 
from monitors run by companies, not the government.) WildEarth Guardians 
sued over the matter in 2012 and awaits a ruling. 

Several weeks ago, WildEarth’s Jeremy Nichols drove from Vernal to a 
wildlife refuge in Randlett, pointing out pump jacks and the tanker trucks 
that continually travel to and from the basin. 

“It's dangerous, the scale and pace of development," said Nichols, the group's 
climate and energy program director. “You’re seeing that with the air-quaiity 
issues. I mean, Verne! has a big-city ozone problem?” 

It’s a place that in some ways looks as small-town as it is. A bubblegum-pink 
fiberglass brontosaurus grins at motorists above Vernal's welcome sign, one 
of many local nods to the fossil-studded Dinosaur National Monument 
nearby. 

But it’s also a town with 19 hotels and motels. Its glassy library and other 
high-end public buildings are different sorts of monuments than the pink 
dinosaur, ones that speak to years of oil-related taxes and royalties. 

The owner of a juice and smoothie bar put up a miniature oil rig outside his 
business with a sign that seems to sum up the local sentiment: "f (heart) 

Drilling!" 

Oil and gas is the biggest employer in this county, 
according to state data. The industry directly accounts for 
about a fifth of the jobs here, and Uintah County 
Commission Chairman Michael McKee says it rises to half 
if you add in the ripple effect. 

“You take any community, state or region with those 
dynamics, it’s important that we protect our jobs,” he 
said. “It's also important that we have clean air and clean 
water and a good environment.” 

Still, McKee sees a tighter ozone standard from the 
perspective of a job threat, one that looms as the region 
heads into an oil bust. Plunging prices prompted layoffs 
1 'Cr«’ and the fear of more. 

McKee said officials are working on the ozone problem, 
but he doesn’t see how the basin could meet a tighter 
standard. While the area doesn’t get inversions every 
winter — McKee described the air as often “pristine” — 
compliance is judged based on a three-year average of 
each year’s fourth-highest daily reading. Inversion years 
go awfully high. 
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Utah State University studied asthma-related hospital visits and didn't see an 
impact from the area’s high-ozone days, McKee added. 

Lyman, whose center wrote that study, is quick to insert a cautionary note: 
Unlike Atlanta, central New Jersey and other urban areas where studies have 
found links, the basin has a tiny population. Tliat makes it difficult, if not 
impossible, to jump the bar of statistical significance. 

"We think there certainly is an impact, but exactly how it compares to 
summertime urban ozone is probably never going to be found out because 
there’s just not enough people here," Lyman said. 

Ozone, at least, is quiescent this winter. Warm temperatures have kept snow 
from piling up, warding off an inversion. 
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But the VOCs are still here, millions of cars' 

worth, ready to react when conditions are right. U.$. manmade nitrogen oxides emissions 
Stephanie Howard and Megan Crandall, both 
with the federal Bureau of Land Management 
in Utah, drove through the Pariette Wetlands 
area in the basin on a recent afternoon, 
explaining what the agency is doing to reduce 
emissions from ubiquitous oil and gas 
equipment. Steps include eliminating VOC- 
heavy evaporation ponds and pressing 
operators to replace leaky valves. 

At the same time, the bureau is reviewing 
whether to allow more than 8,500 additional 
oil and gas wells in the region, double the 
number now under its jurisdiction. Leonard 
Herr, an air resources specialist for the Bureau 

of Land Management in Utah, knows that poses Source; Center for Public Intepi%i-nely.?is of U S. Fnviron.'rentoi Protect 

a tough question: Can total emissions be reined Agency esOmr^tas. 
even as sources multiply? 

He’s optimistic about that. And he doesn’t view 

a tighter ozone standard as a looming disaster U.S. manmade volatile organic compound emissions 
for the basin. 

"Nonattainment and failure to meet the 
standards after that isn’t the end of the world," 
he said. "Just look at L.A. It's been 
nonattainment almost my whole adult life, and 
it's not a barren wasteland of economic 
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development.” 

The cost debate 

When the EPA sets its ozone standard, the 
Supreme Court ruled in 2001, the Clean Air Act 
mandates that only one factor be weighed; 
what the best available science shows people 
can safely breathe. 

Some members of Congress want to change 
that. Among the flurry of ozone bills submitted 
last year was the industny-supporteci "Clean 
Air. Strong Economies Act,” which would have 
required the agency to consider cost. It also 
would have barred a new standard from taking 
effect until 85 percent of counties failing the 
old standard fixed their air. 

The companion bills, sponsored by U.S. Sen. John Thune, R-S.D., in the Senate 
and U.S. Rep. Pete Olson, R-Texas, in the House, didn't get put to a vote last 
year. The bills were referred to committees that are now both headed by 
Republicans opposed to tighter ozone standards, which could give the 
measures new life if reintroduced as planned this year. 

The National Association of Manufacturers' Eisenberg characterized the 
effort as a way to give the EPA more flexibility, though he acknowledged that 
the group hasn't spent much time considering how that might affect public 
health. 

"We're certainly hoping to have that discussion," he said. 

What’s more evident to manufacturers is the business impact when a 
community tips into ozone nonattainment. They must more than offset any 
pollution added if they want to expand or build something new. Eisenberg 
said. That could mean buying pricey credits on the emissions-offset market or 
shutting down another pollution source, he said, so more often 
manufacturers simply go elsewhere. 

The EPA argues that the value of its proposal outweighs the expense because 
medical care and missed work days from ozone-triggered health problems 
add up fast. The agency estimated the benefit of a 65-ppb standard at $19 
billion to $38 billion a year beginning in 2025, when it expects most of the 
country would meet that tighter threshold, compared with an estimated $15 
billion in annual costs. 

Trade groups say the negative impact would be far higher. A study for the 
National Association of Manufacturers suggests a 65-ppb standard would cost 
the U.S. economy $140 billion a year. The effects would include fewer jobs, 
higher electricity costs and restricted fossil-fuel production, the study says. 



The Congressional Research Service weighed in last fall to declare the impact 
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too far off to estimate. Ozone rules usually have deadlines that are years, even 
decades, into the future, and they often spur new, less expensive pollution 
technology. 

“Aside from some statutorily mandated compliance measures, states — not 
EPA — decide what sources will be regulated and how stringent the controls 
will be," the nonpartisan think tank added in its issue brief. "Often, industry 
can choose how to comply.” 

Given that, the actual cost of past ozone reduction would be useful to know. 

But those numbers don't seem to exist, despite all the effort spent trying to 
estimate them in advance the past 40 years. 

The EPA, working with economists, did put a price tag on the expense of 
reducing all the pollutants covered by the Clean Air Act. Their S22-billion-a- 
year tally for 1973 to 1990 was less than half the annual amount the American 
Petroleum Institute projected in 1979 for the cost of reducing ozone alone. 

The ozone seesaw Ozone timeline 


In the history of environmental action, 1970 was a watershed year. 

President Richard Nixon created the EPA and — over the strenuous 
objections of automakers — signed the Clean Air Act into law. 

“Through our years of past carelessness we incurred a debt to 

nature, and now that debt is being called,” Nixon, a Republican, said 

in his 1970 State of the Union address. 197S 

The Clean Air Act prompted the first national ozone standard, set at 
80 ppbthe next year. Catalytic converters followed, eventually 
reducing vehicle pollution in a big way. 


First ozone standard 

First ozone standard enacted in the U, 
President Richard Nixon launches the 


Auto makers take action 

Major auto manufacturers release car 
substantially reduce pollution leading t 


But amid the high oil prices and inflation of the later '70s, the 
Carter administration targeted regulations that advisors and 
industry argued were more cost than benefit. Carter’s inflation- 
fighting economists questioned whether the ozone studies of the 
time, then less definitive, really demonstrated that the pollutant 
needed to be reduced as much as the standard suggested. Up it went 
in 1979, to 120 ppb. 


1970 $ New standards face pressure 

Pressure mounts on the EPA over its E 
. Carter administration’s infiation-fighti; 

i 979 EPA yields, loosens standard 

The EPA raises its ozone threshold to 1 


Industry groups had called for the standard to be set at 160 ppb or 
higher. Even izo ppb, the American Petroleum Institute argued, 
would prompt “extensh'e social and economic disruption,” The 
Washington Post reported at the time. 

The institute was then in the midst of an ozone lawsuit. The EPA, 
the trade group alleged, suppressed research showing the main 
source of smog was natural vegetation. 

Patrick R. Zimmerman wrote those EPA-funded studies, and he says 
the agency did drag its feet in allowing him to publish his results. 
Later, he realized that officials were worried someone would 


BacktoBOppb 

The EPA tightens the ozone threshold 
barbecues and lawnmowers could foil 


Supreme Court steps in 

The U.S. Supreme Court rules that, cqi, 
consider only what is safe to breathe v 
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purposely misinterpret his findings — which is what he says the , , . , 

institute did. 

Trees and vegetation, Zimmerman found, emit certain VOCs at 
such high levels that they far out-produce man-made sources in 
forest-heavy regions. But that doesn’t mean urban smog is a tree 
problem, Zimmerman said — it's not. {Rarely is ozone formed 
without an assist from man-made pollution, the EPA says.) 

Zimmerman was appalled at what happened next. 

“The American Petroleum Institute ... wrote articles that they 

planted in all kinds of magazines and newspapers," said 

Zimmerman, a scientist who now runs an environmental- 

technology firm in South Dakota. "It must have been lOO of them. ” ■ 

Each article was pretty much the same, and it said something like, 

Trees emit so much pollution, we can't possibly control ozone, and 
the standards should be higher.’ " 

2011 

That apparently made an impression on Ronald Reagan. While 
running for president, he said trees and plants were bigger polluters 
than cars — his so-called "killer trees" moment. 


EPA considers tougher standards 

With research showing harms from io 
scientific advisory panel on ozone 
level between 60 and 70 ppb. 


New standard prompts criticism 

EPA sets the ozone standard at 75 ppt 
level “fails to satisfy the explicit stipuiat 
margin of safety for ail individuals," 


Obama's EPA 

EPA. now under President Barack Oba 


Obama intervention 

As the EPA prepares to set a tighter st 
changed yet because it is due to be ret 


The petroleum institute didn’t respond to the Center’s requests for 
comment. 

Zimmerman couldn't believe how little the actual science seemed 
to matter. He was glad to get out of ozone research. 


2013 Health groups sue EPA 

: With no ozone reconsideration undei^ 
sue the EPA. 


"I really underestimated the importance of politics,” he said. 
'Dirty secret' 


2014 NewstandardsbyOct.2015 

After a federal judge .sets deadlines fot 
October 2015, 


Outside Utah's state Capitol building in January, several thousand 
people pressed together, some carrying signs, some wearing gas 
masks. They cheered speakers railing against air pollution. They clapped as a 
band turned the heavy-metal anthem “We’re Not Gonna Take It" Into "We're 
Not Gonna Breathe It.” 


"People have just had enough,” said Daniel Roper, a Salt Lake City resident 
who attended the rally with his 2l-month-oid son. "Ifs Salt Lake City's dirty 
secret. We didn't know about it when we moved here." 


Salt Lake City, like the Uinta Basin, is a region with air-quality challenges — 
ozone in the summer and harmful particulate matter in the winter. But unlike 
the Uinta, there’s a large contingent of residents here who loudly press 
officials to do more about it. 


Nearly nine in lO Utah residents view air pollution as a "serious problem," 
driven by concerns in the Salt Lake area, according to a Colorado College 
poll released in February. 
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Rally speakers, elected officials among them, urged Utah's legislature to 
accelerate efforts to clean the state's air and criticized businesses that put 
themselves on the other side of the debate. 

"Without public health, there is no prosperity,” said the Rev. David Nichols of 
Mount Tabor Lutheran Church in Salt Lake City, one of the speakers. 

Cherise Udell, a rally organizer who founded the 3,000-member Utah Moms 
for Clean Air, hates the jobs-vs.-air argument with a passion. She has a 
different way of looking at clean-air standards: Who should pay for pollution? 

Once, she says, everybody threw their waste into the streets. Then it became 
clear how unsanitary that was, and people had to shell out to get their trash 
hauled away. 

She contends that some businesses are still dumping their garbage into the 
community by polluting the air — making other people pay for it in medical 
bills and worse health. 

"That’s completely and utterly unfair,” Udell said. "If your neighbor was doing 
that, you'd be outraged." 

Maryam Jameel and Alexander Cohen of the Center for Public Integrity contributed 
to this article. A version of this story also appeared on National Geographic's site. 


More stories about 


Environment, United States Environmental Protection Agency, Air pollution, Clean Air Act, Pollution, 
Pollutants, Smog, Volatile organic compound, Tropospheric ozone, Ozone, Ozone depletion. Building 
biology, Environmental Protection Agency 
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DANGER IN THE AIR 


In Texas, Environmental 
Officials Align With 
Polluters 

The state of Texas is as aggressive as industry in battling a new national 
health standard for smog. 


By Jamie Smith Hopkins, Center for Public Integrity 

PUBLISHED MARCH 17, 2015 


Editor’s Note: This is the second part of a two-part series produced in 
partnership with the Center tor Public Inleorilv. Read part one here. 


The teslimonv sounds the refrains of industry groups: 
Tightening the country’s smog standard would be too costly, and it 
isn’t necessary for public health. 
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But these comments weren’t from industry. They were 
written by the chair of the Texas agency responsible for 
environmental protection. 

The state of Texas is as aggressive as some industry 
associations in battling a proposed tightening of health standards 
for ozone, the main ingredient of smog. Officials there have spoken 
before Congress, hired a consultant firm to question the health 
benefits of a more stringent standard— the same firm hired by the 
American Petroleum Institute— and introduced bills to 
fundamentally change how ozone is regulated nationwide. 

This is a long-standing strategy for Texas, where power 
plants, cement factories, refineries, and other facilities produce far 
more ozone-causing pollutants than those in any other state, 
according to a Center for Public Integrity analysis of U.S. 
Environmental Protection Agency data. Texas officials have butted 
heads with the RPA over ozone since the 1970s. 

"They’ve been fairly consistently against clean-air 
protections,” said Elena Craft, a senior health scientist at the 
Environmental Defense Fund . 

Though ozone levels are markedly better now, compared 
with past decades, parts of Texas, particularly in the Dallas-Fort 
Worth and Houston areas, have some of the nation’s highest 
readings. 

The Texas Commission on Environmental Quality said in an 
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emailed statement that it’s trying to ensure that rules are 
necessary before they’re imposed. 

“TCEQ has concluded that there will be little to no public 
health benefit from lowering the current standard,” the agency’s 
chairman, Bryan Shaw, said in written testimony at a December 
Senate hearing. 

More Industrial Emissions Than Any Other State 

Nitrogen oxides (NOx) and volatile organic compounds 
(VOCs) form ozone at ground level as they cook in the sun. 

Cars are a major source: Highway vehicles account for about 
40 percent of NOx and l-S percent of VOCs in the United States, 
according to EPA figures. But power plants, factories, oil refineries, 
and other industrial facilities are big contributors too. 

That’s particularly true in Texas, according to 2011 EPA data, 
the most recent. 

Texas’s 340,000 tons of NOx emissions from facilities’ s tacks 
and vents topped the emissions in number two Pennsylvania, 
home of big coal-fired power plants, by more than 60 percent. At 
105,000 tons, VOC emissions from facilities in Texas were 44 
percent higher than those in number two Colorado, even though 
Colorado— another oil and gas hub— had far more sources 
producing those pollutants. 

California has a greater number of facilities emitting NOx 


Ntp:/Aiews.naficnalgeograph!C.com/201&03/20150317-ozone-air-pdWicn-ciearvair-acI-smog-texas-h(XJSlon-danas# 
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than any other state-more than twice the number Texas has, 
according to the EPA data. And yet California’s collectively spew a 
quarter of the NOx emitted by Texas facilities. It’s a similar story 
with VOCs. 

"Because we have had such a bad air-quality problem for 
many years, there’s been a lot of strict controls that have been put 
into place,” said Sylvia Vanderspek, chief of the air-quality 
planning branch at California’s Air Resources Board. “So our 
stationary sources are very well controlled.” 

In Texas, the commission points to the state’s success in 
reducing emissions. Annual NOx from facilities totaled 900,000 
tons as recently as 1998, but they’ve dropped since the EPA’s tally 
and are now below 300,000 tons, according to the state’s data. 

Ozone levels have dropped as a result, improving 24 percent 
between 2000 and 2013, according to the TCEQ. That improvement 
came as the state added more than 5.5 million people and their 
ozone-contributing vehicles. 

Still, California cut ozone levels faster. 

The Los Angeles region has the nation’s worst ozone levels. 
But the rest of California had less smog than Texas’s Brazoria 
County, near Houston, and the Dallas-Fort Worth suburb of 
Denton County in 2011-13. 

Tom “Smitty” Sm ith, the Texas office director for the 
consumer advocaey group Public Citizen, credited Texas with 
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doing “some very aggressive things” to attack smog. But “overall,” 
he said, “the state has failed to live up to its obligations to protect 
its citizens from poor air quality,” 

The Ozone Fight 

In 2013, the TCEQ gave a consulting firm, Gradient, a two- 
year contract worth up to $1.65 millioir to “critically review” the 
science behind the EPA’s ozone and other air-pollution standards. 
The EPAhas proposed to tighten the ozone standard from 75 parts 
per billion to between 65 and 70 ppb. 

Gradient wrote reports for the American Petroleum 
Institute, the Utility Air Regulatory Group, and other industry 
associations in the past several years, arguing that the EPA 
overstated ozone risks by relying on studies with limitations. 

Gradient principal Julie E. Goodman, a toxicologist, co- 
wrote a Wall Street Journal piece last year saying the 
“overwhelming body of scientific evidence” suggests the current 
standard is sufficient. A PowerPoint presentation she made to the 
TCEQ last fall pointed to the studies’ limitations and 
“inconsistent” results. 

Ozone researchers, however, disagree. The evidence of 
health risks above 60 ppb “is clear,” said Mary B. Rice , a pulmonary 
critical care physician at the Harvard-affiliated Beth Israel 
Deaconess Medical Center, in Boston. 
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Texas doctors have become increasingly vocal about the 
issue. This year the Dallas Comity Medical Society called on the 
EPA to tighten the standard and urged the state to take more 
aggressive actions to battle smog, rather than smog rules. 

“Everyone’s aware of the really serious health effects in this 
area,” said Robert W. Haley, chief of epidemiology at the University 
of Texas Southwestern Medical Center in Dallas. 

The Center for Public Integrity is a nonpartisan, nonprofit 
investigative news organization. Sign up to re c eive the center's 
investigations in vour inbox and follow it on 'Twitter . 
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High ambient ozone (O 3 ) concentrations are a widespread and 
persistent problem globally. Although studies have documented 
the role of forests in removing Os and one of its precursors, nitro- 
gen dioxide (NO,), the cost effectiveness of using peri-urban 
reforestation for O 3 abatement purposes has not been examined. 
We develop a methodology that uses available air quality and 
meteorological data and simplified forest structure growth-mor- 
tality and dry deposition models to assess the performance of 
reforestation for O 3 precursor abatement. We apply this method- 
ology to identify the cost-effective design for a hypothetical 
405-ba, peri-urban reforestation project in the Houston-Galveston- 
Brazoria O 3 nonattainment area in Texas. The project would 
remove an estimated 310 tons of (t) O 3 and 58 1 NO 2 total over 
30 y. Given its location in a nitrogen oxide (NO^J-Umited area, and 
using the range of Houston area O 3 production efficiencies to 
convert forest O 3 removal to its NO» equivalent, this is equivalent 
to 127-209 t of the regulated NO,. The cost of reforestation per 
ton of NO, abated compares favorably to that of additional con- 
ventional controls if no land costs are incurred, especially if carbon 
offsets are generated. Purchasing agricultural lands for reforesta- 
tion removes this cost advantage, but this problem could be over- 
come through cost-share opportunities that exist due to the public 
and conservation benefits of reforestation. Our findings suggest 
that peri-urban reforestation should be considered in O 3 control 
efforts in Houston, other US nonattainment areas, and areas with 
03 pollution problems in other countries, wherever O 3 formation is 
predominantly NO, limited. 

aif pollution j ecosystem services | natural infrastructure | 
state implementation plan 

G round-level (tropo-spheric) ozone (Oj) is a secondary air 
pollulant fonned through the chemical imeraciion of ni- 
irogcn oxides {collectively referred to as NO, and comprising 
NO and NO2) and volatile organic compounds (VOQ in the 
presence of amducive solar radiation and temperature con- 
ditions (1). Ground-level O3 is considered one of the most per- 
vasive and damaging air pollutants globally, with background 
concentrations that have more than doubled in the northern 
hemisphere since the late nineteenth century (2). Despite 
widespread and often dccadeslong control cffort.s, ambient O3 
concentrations in urban areas in many parts of the world regu- 
larly exceed the World Health Organization guideline value of 
50 parts per billion (ppb: daily 8-h average concentration) (3). 

Despite the highly complex nature of estimating O3 health 
effects (4). O3 has been linked to increased mortality in humans 
(4-7). with an estimated annual death toll of 28,000 in Europe 
(8) and 152, 0(K) [95% confidence interval (Cl): 52, 000-276, (KX)) 
globally (9), and to reduced worker productivity (10) and in- 
creased respiratory and cardiovascular disease (7, 9). In Europe, 
an estimated .19,()6o respiratory hospital admissions per year are 
attributed to O3 conccnlralion.s above 35 ppb (8). In the United 
Slates, an estimated 10.7 (90% Cl: 5-5-13.8) millioii acute re- 
spiratory syTiiptoms; 5,300 (90% Cl; 0-11,900) respiratory 
emergency room visits; 4,100 (90% Cl: 1,100-7,900) respiratory 


August 14, 2014 (received for review May 27, 2014) 
hospital admissions; and 3.7 (90% Cl: 1.6-3. 9) million school 
loss da\« could have been avoided per year on average during 
2005-2*007 if O.-, concentrations in those years had been reduced 
such that their 8-h averages would not have exceeded 60 ppb 
anywhere (11). Ozone also has been shown to reduce food crop 
and forest productivity (12, 1.3) and is an important greenhouse 
gas (2). 

Effort.s to reduce ambient concentrations ol Oj and other 
pollutants have relied predominantly on engineering-based 
approaches to reduce emissions from fossil fuel combustion 
proce.sses. implemented via command-and-conirol or markci- 
hased mechanisms (14).These have included physical dilution 
of emissions via tail stacks (15); intermittent or permanent, 
partial, or complete plant shutdowns (16); conversion to lower- 
emitting combustion proccs,ses and fuels (17); and end-of-pipc 
controls (18). 

Despite these amtrol efforts, high ambient 0.? concentrations 
remain a widespread problem in many areas of the world. In the 
United State’s. Oj is regulated by the Environmental Protection 
Agency (EPA) as a hazardous air pollutant. In 2013, there were 
46 areas with a total population of 123 million that were desig- 
nated as O.r nonattainmeni areas because at least one monitor 
exceeded the 75 ppb (daily 8-h average) 2008 National Ambient 
Air Quality Standard (NAAQS) for O3 3 times a year (1 9), States 

; Significance ' . 

• Despite often decadeslong tontfol efforts; in many regions ) 
; of the world ambient cdncehtfaitions of ground-levei dzone :; 
^ threaten human and ecosystem health. Furtherrnbfe, in many 1 
I places the effects of continuing land use and climate change ; 
i are expected to counteract ongoing efforts to reduce ozone' i 
I concentrations. Combined wlth the rising cost of more strin- ; 
I gent conventional technological ozone controls, this creates a ; 
i need to explore novel approaches to reducing tropospheric ' 
i ozone pollution. Reforestation of peri-urban areas, which 
\ removes ozone and one of its precursors, may be a cost-effective : 
! approach to ozone control and can produce important ancillary 
: benefits. We identify key criteria for maximizing the ozone ) 
i abatement and cost effectiveness of such reforestation and the 
; substantial potential for its application in the United States. , 
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are required to develop and impiemenl EPA-approved State 
Impiemcntatioti Plans (SiP) for each nonattainment area that 
outline measures deployed to achieve attainment. Because EPA 
has jurisdiction over mobile sources, states pursue attainment 
principally by imposing emission limits on large industrial pro- 
cesses and utilities (point sources) and smaller stationary pro- 
cesses (area sources). Due to the often dominant (>50%: NO,) 
or large (25 --50%; VOC) contribution of point sources to total 
stationary O-? precursor emissions, the imposition of limits on 
permitted point source precursor emissions is a key SIP com- 
ponent in these nonattainment areas. Point sources comply with 
their NO, emission limits by installing combustion controls (fuel 
switching, low-NO, burners, fuel rchuming. flue gas recircula- 
tion), end-of-pipe controls (selective catahnic or noncatalytic 
reduction), or by purchasing emission credits on the precursor- 
specific cap--and-trade markets established for many nonattain- 
ment areas. The ly'JO (dean .A.ir Act Amendments (20) create 
a further incentive for attaining NAAQS by imposing fines for 
VOC and NO, emissitMts I'mm major sources in areas that fail 
to meet attainment deadlines. 

In the United States, the problem may wtirscn due to 
continuing land use and climate change, especially rising tem- 
peratures (21-24), A possible tightening of the O 3 NAAQS due 
to health concerns (25) may cause further reductions in pre- 
cursor ctrission limits in many areas. Tlic picture is similar in 
nsany other regions of the world (2). Because marginal control 
costs are increasing (26), achieving additional abatement will 
become increasingly costly. Thus, there is a pre.ssing need to find 
new, co,st-clTeclivc approaches to adcircs-sing the O 3 problem. 

One as yet largely unexpioreci [wssibility for Oj abatement is 
relbrestalioti, Forests have been shown to reduce antbient con- 
centrations of many anthropogenic air pollutants, in both urban 
and immcdialciy adjacent peri-urban areas located between rural 
areas and the outer boundary of urban settlements (27-30). 
Trees absorb and diffuse ambient NO; and O 3 via diy deposition 
and Jbliar gas exchange, lowerhtg the concentrations of these 
gases in the air mass ntoving through the forest canopy (27). 
Trees also release VOCs in response to many biophysical factors, 
increasing ambient VOC concentrations (28). The net effect of 
a reforestation project on O .1 concentrations depends on the 
magnitude of these two processes and on whether the pn^jeci is 
located in an arett where O.? formation is limited by available 
NOx or VOC^ respectively. Using atmospheric chemistry and 
transport and meteorological models. Alonso et al. (31) found 
that peri-urban forests near Madrid, Spain, were 0;» sinks. Using 
forest stRicture data and a coupled dry deposition and meso.scale 
weather prediction model, Baumgardner ct al. (32) found that 
a peri-urban forest near Mexia.) City improved regional air quality 
l:y rcmiwi.i5g O; and respirable particoilate matter. 

These studies rai.se the question of whether reforcstation-and 
forest management and conservation more broadly-mighi con- 
stitute a novel and cost-effective approach to abatement by- 
removing its precursor gjiscs from the atmosphere al lower a>st 
per unit precursor removed than engineering alternatives. If so, 
regulated emitters with a portfolio of abatement choices — such 
as many point st^urccs, which currenily can choose to achieve 
compliance with their emission limits via installation of v-arious 
control technologies, purchase of precursor emifsion credits on 
nonatiainment-area-spccific cap-and-trade markets, or bt>lh — in 
principle might deploy reforestation projects to generate part of 
the required precursor abatement Previous analyses have found 
that urban trees can be a cost-effective public stratcjgr for im- 
proving air quality (33, 34). However, the prwate cost effec- 
tiveness and financial feasibility for regulated point sources of 
using peri-urban reforestation projects for Oj precursor (»ntrol 
remains unexamined. 

We develop an integrated methodology that provides guidance 
for evaluating the long-term performance of reforestation in 
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peri-mban areas for (is a>ntroi and atialyring its cost-effectiveness 
as a compliance approach. W'c select the Hoiislon-Galveston- 
Bra 2 X}ria (HGB) nonattainment area in Texas as a case .study 
because it exceeds Oi standards and e.xhibils large-scale re- 
forestation potential. 

Wc first identify key siting and design parameters that affect 
the cost of reforestation projects per toti ( 1 ) of preciitsstrs 
remov'cd. Second, wc develop a simplified tree growth-mortality 
model that predicts key forest canopy parameters that affect air 
pollutant removal. Wc use these canopy parameters along with 
meteorological and ambient polknant concentration data and 
the Urban Forest Effects (UFORE) dry-deposition air-polluianl 
removal and biogenic emissions model (30) to generate esti- 
mates of pollutant deposition and biogenic VCX' emissions for 
a hypothetical 405 hectare (ha) rcibresfation project in the HGB 
area. Next, we combine removal estimates and reforestation and 
land costs to estimate the cost of the project per ion of O-* 
precursor abated, with and witliout the carbon (C) credits such 
a project could generate under the California Air Resources 
Board (CARB; ref. 35) forest project offset protocol, tiic high- 
est-pricc carbon market US reforestation projects can currently 
acces-s. We compare these a>sls with those of conventional point- 
source NO, controls in the HGB area. We also quantify the 
social economic value of the C sequestered l>y the project. Fi- 
nally, we identify where guidance is needed from rcgtiialoTy 
authorities in the selection of key estimation parameters to le- 
duce uncertainties and narrow ranges in pollutant removal and 
cost-effcctiveness estimates. 

ft is important to note that peri-urban and urban forests 
provide a wide range of ecosystem ser'ice,s in addition to air- 
quality improvement (36. 37). Reforestation thus may yield a 
series of cobenefits not provided by conventional engineering- 
ba.scd controls. 

Results and Discussion 

Forests remove both O 3 and NO;- However, because 0,i is not 
emitted directly, a SIP regtiialcs point-source emissions not of 
O.^ but of its precursors. NO* and VOC. Tlius. t!ie objective of an 
Os SIP reforestation project is the abatement of 0,i precursor 
equivalents. In the case of NO*, these equivalents (NO^e; Case 
Study and Methods) are the sum of the NO; directly removed by 
the forest, and the NOx indirectly removed in the form of (3; 
formed from NOx «>nd VOC. Because trees do not remove, but 
rather emit, VOCs (28), a reforestation project can only achieve 
removal of VOC equivalents (VOCe) if it removes more O 5 than 
forni.s from it.s V<DC ernkssions. Whether the 0;5 removed by 
the forest is equivalent to NO* or VOC abatement depends on 
whether O 3 fonnation in the area is predominantly NO* or 
VOC limited, respectively. Thus, depending on its location, a 
reforestation project may generate either only NOxC or both 
NOyC and VOCe abatement. 

Model secnarfos with different pianling densities and stock 
sizes (vS7 Aitfwidix. Tabic SI) identified seedlings planted at 
l,5(Xl/ha as the planting design with the lowe.st cost per ton of 
NOxC removed. Unle.ss indicated otherwise, all rcsiilks presented 
below refer to this dc,sign, which achieves maximum forest crown 
area in year 23 after pianling (.57 Appendix, I'ig. S2). 

Precursor and Ozone Removal, Carbon Storage, and VOC Emissions, 
Based on our mtxlelcd forest structure and UFORE-estimaled 
specific pollutant removal rates (Table 1). the reforestation 
project is estimated to remove a total of 309.7 t O 3 and 58.1 t 
NO; over our 30-y analy.sis period and store 24,574 t above- 
ground C al year 30. Annual air polliilioti rcmov<ii was greatest in 
year 23 of the project at maximum canopy cover (Ov 14,156 kg; 
NO;; 2,659 kg), and C sequestration was highest in year 16 (1,1 53 11 . 
For O 3 and NO;, the predicted decline in annual removal rates 
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Table 1. Modeled forest structure parameters and specific 
pollutant removal for the 405-ha reforestation project 


Phase 1 Phase 2 

{DBH< 12.7 cm) (DBH> 12.8 cm) 

Forest structure parameter 

Number of trees 502,698 94,440 

Average DBH (cm) 7.6 25.4 

Average tree height (m) 7.8 15.9 

Average crown height (m) 3.1 6.4 

Average crown width (m) 3.0 7.1 

UFORE modeled forest structure 
Average LA! 3.17 3.42 

Total leaf area (m^) 1,861,620 2,298,500 

UFORE modeled air quality effects — Pollution removal 
NO2 (g/m^ crown area/y) 0.579 0.600 

O3 (g/m^ crown area/y) 3.116 3.194 


Modeling phases; 1— tree estabiishmerit (years 1-10) and 2 — maturity 
(years 11-30). 

after year 23 is due to the omission of nalnnd fewest regeneration 
from (.nir model, making our removal climates conservative. 

At our estimated removal rates per hectare, reforesting half or 
all of the estimated polenliaily reforeslablc 189,400 ha of bot- 
tomland habitat in the HGB area {SI Appendix, Fig. S3) would 
abate an estimated average 2,426-4.852 t O,? and 455-911 1 NO; 
per year over 30 y. U.sing the reported HGB area, O.? production 
efficiency envelope of NOx of 3-8 (38, 39), this results in an 
estimated 995-1,641 to 1,990-3,282 t NOyC removal per year, or 
~j.7-5.5% of the average of the estimated 2{K)6 and 2018 annual 
HGB-arca NO^ point-.sourcc cmis.sion.s of 59,700 i (40). While 
thc.se abatement levels by themselves likely would not be suffi- 
cient to achieve attainment, they do amount to several percent 
of the additional abatement that may be needed (SI ApfKndix. 
.section S3). 

Estimated 30-y total VOC emissions of the cost-effective 
(1,500 seedlings/ha) planting scenario arc 1 15 t of ksoprene. 41 t 
of monoterpencs, and .197 t of other VOC. 

Cost Effectiveness of Reforestation for Ozone Precursor Abatement. 

We compared reforestation and conventional amtrols in terms 
of 30-v present value (PV) cost per ton NOyC removed. All cost- 
effectiveness estimates assume full provisional up-front credit 
of pollutant removal as per EPA guidance (41) and that our 
projections represent actual forest growth during the 30-y 
analysis period. 

NO, — land cost scenario 1: No land costs. The reforestation project 
would remove an estimated tola! of 209 or 127 t NO,tC over the 
30-y analysis period in the “high" and “low” removal .scenarios, 
respectively (incremental O 3 production efficiencies of NO^ = 3 
and 8 , respectively), On lands where reforestation does not incur 
land costs {Privaie Land Opponuniiy Coals), this translates into 
approximately $l,68(k-53,21()/i NO,e (high removal) and S3.770- 
$5,300/t NOxC (low removal), with the low and high values in 
each range resulting from low and high planting cost estimates, 
respectively {SI Appendix, Table S4)~ If CARB carbon offeet 
revenues arc included at $12.25/1 carbon dioxide equK-alent 
(CO;e), the cost-effectiveness of NO^e remwal improves ,sub- 
.slantially. to $3()()-$1,840 and $500-$3, 030/1 in the high and 
low removal scenarios, rc.spcctively. These latter ranges reflect 
expected revenue ($372,400) and transaction costs ($103,400) of 
carbon offsets (both PV at 1% discount rate) over the 30-y time 
horizon. Ozone accounts for 39% and 63% of the total removed 
NOjC in the low and high removal scenarios, respeciK'cly. 

In all but the low removal sccnario-where a project receives 
!e.ss NOs credit for the O 3 removed due to high O 3 production 
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efficiency of NOx-reforestation in the HGB area has a iow'er 
mean cost per ton of NO^c removed than conventional NO^ 
controls ($2,50fl-S5.0(){)/t) and NO., allowances (S3.3()0/t; .S7 
Appendix, section 55); that is, pemiit-s granting a perpetual right 
to emit 1 1 NOx per year (Fig. 1). Because reforestation projects 
would be expected to be sited in areas where they generate the 
most precursor abatement per dollar, we expect our high- 
removal scenario cslimalcs-$l,68(>-$3,210/t without. S3(X)-$l,840/t 
with C offeets-to he more representative of actual projects. Im- 
pcwlanlly, contract bids would provide ex ante certainly for actual 
projects alxiut planting, and thus project cost and cost per ton of 
NC^ removed. 

NO, — land cost scenario 2: $4.940/ha. At a representative price o!' 
suitable lands in the study area of $4, 940/ha {Case Study and 
Methods), total planting-related project cost is more than 5 times 
the average cost ($493,000; range $333.00()-S654,000) in land 
cost scenario 1. As a result, reforestation is no longer cost 
competitive with enginccring-ba.sed precursor abatement, even 
with C offsets {SI Appendix. Fig. S4), 

VOC. A refore.slation project could achieve net VOCc removal if 
it removed more O 3 than is formed from its VOC emissions. 
Beciiuse our case study project i.s not located in an area where O 3 
formation is VOC limited, its 0,> removal is equivalent to 
abatement of NO^e, not VOCe. Nevertheless, to asse.ss whether 
the project might abate VOCe if it were located in VOC-limitcd 
portions of the Houston area (Galveston Bay or southern Harris 
County; ref. 42) we estimate its net 0,i balance in a VOC- 
liniited area. 

Using the maximum inerernemal reactivity (MIR: ref. 43) 
scales (gram Oj/gram VOC) to estimate the quantity of O 3 
formed by its VOC emissions, the project would produce an 
estimated 1,650 t O.'? over the 3()-y analysis period, or over 5 
times the estimated 310 t O 3 removed via dry deposition (,S7 
ApfKndLx. sections S 6 and vS7). The MIR scale repre-senls rela- 
tively high NOx conditions (areas with high NOxiVOC ratios like 
Galveston Bay or southern Harris County in the HGB area; ref. 
42). where O 5 is mo.st sensitive to changes in VOC emissions, 
and is most often used or proposed for use in regulaloty appli- 
cations (43). Other reactivity scales (43) yield lower 0^ pro- 
duction estimates that however still exceed estimated removal 
via dry deposition. Although these findings arc based on .sim- 
plified models and assumptions and shouki be considered 
preliminary given the complex nature of O.^ formation (44), 
they suggest that reforestation projects may not yield net 
VOC abatement. 

Private and Social Value of Carbon Sequestration. The project 
generates C offsets with an expected net PV of $269,000 and 
avoids social eo,si.s of carbon (SCC) — the sum of future damages 
from increased atmospheric CO; eoncentrations — ^with an esti- 
mated PV of Si.96 million (3% pure rate of time preference 
(PRTPj) to S3.25 million (2.5% PRTP). On public or private 
lands with a qualifying conservation ea.sement. lower mandatory 
contributions to the CARB forest offset project buffer account 
(12% of calculated sequesiraiion vs, 19% in our estimates) 
would increase net prc,sent offset value by 12%. We consider 
both private and social C value estimate,s conservative because of 
the exclusion of natunil regeneration in our forest model, which 
reduces estimated C .sequestration after year 20, 

Sensitivity Analysis. Engineering-based NO^ control options have 
an average economic lifetime of only 20 y (45). Full replacement 
of NOx control equipment in year 21 , for example, would in- 
crease the abatement cost per ion of engineering-based controls 
by 18% (assuming annual maintenanee and repair costs for 
chemical pnKres-scs of 3% [ref. 46] of initial capital cost and a 7% 
discount rate; Case Siucfy and Methods). Extending the lime 
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Fig. 1. Average cost per ton of NO. controi through reforestatiort at zero 
land cost, for higli and low removal scenarios, and cost of standard point 
source controls and NO. stream allowances m the HGB area. Vertical lines 
indicate ranges caused by different cost assumptions. Costs expN'cssed as PV 
over 3Q-y period. NO.e — NO. equivalent. 


horizoii of the iinalysis also would increase the competitiveness 
of refore.slalion with conventional controls, as the estahiished 
forest stand will keep removing Oj and NO 2 at no additional cost 
heyond year 30. Thus, reforestation may be even more compet- 
itive with conventional NOs controls than our analysis suggests. 

Our finding that purchasing bottomland harcKvood forest 
habitat for reforestation would not generate cost-competitive 
NO, abatement is based on the assumption that emitters would 
fully absorb these cx'sis. 'Iliai may not ncccssar^' l)c the case. Re- 
forestation of former bottomland hardwxvxls can generate cobc- 
iicfils, making cost-share arrangements likely for reforestation 
projects on some lands. Local and national stakeholders, such as 
the US Fish and Wildlife Service, the Te.xa.s chapter of the Na- 
ture Conservancy, and other conservation organiialions in our 
study area htivc expressed strong interest in such cost-share 
arrangements for reforestation of ccok>gical!y valuable bottonr- 
lancis. Whether cost sharing for purchased lands yields cost- 
competitive NOx removal through reforestation of pasture lands 
depends on the cost shares. For example, at $4,'>4()/ha land cost, 
cost sharing at 3:1 (project parmenpoinl source) would achieve 
.?2,690/t NOyC in the best case (high removal, low planting cost 
plus C offsets) scenario, which would be competitive. 

The comjxititivcness of reforcjitation projects may also be en- 
hanced by inlcrpianting of fasl-gawing species such as Fopu/uf 
dehokks in our .study area to support a one-time selective timber 
harvest (47). The impact of such harvests on the cost per ton of 
NO,e reduced depends on limber prices, volume harvested, ac- 
cessibility. distance to the nearest mill, and requirements of the 
relevant C offset protocols. 

The approach we present simplifies several complex bio- 
physical processes. First, we were unable to find growth-mortality 
rate.s and aliomelric equations for seedlings jind saplings of our 
bottomland hardwood species. Therefore, we as.sumed thtit our 
rates and equations can be applied to trees with a dunrocter at 
breast height (DBll) < 7.6 cm. Second. 1^ not acc(>uiuing for 
natural regeneration (47. 48) we underestimate lota! leaf area 
and air pollution removal during the later years of our analysis 
period. Likewise, our assumption that 2009 pollutant levels will 
remain constant may bias our estimates downward (.S7 Appendix, 
section S7), Third, wc do not model effects of stochastic dis- 
turbance events like drought, wildfire, pests and diseases, or 
hurricanes in our analysis. However, our mortality rates are from 
a Houston study (49) covering an 8 -y periixl that included 
a hurricane i.andfail (Hurricane Ike). Tims, they reflect recent 
historic pest and disease induced mortality, .and implicitly assume 
an annual hurricane landfall probability of 1 / 8 . although historic 


probability for our site (Brazoria and Fori Bend Counties) is <1/ 
25 (50). Moreover, iroltoniiand hardwoods arc less prone to 
hurricane damage than mature, pine-dominalcd forest stands 
with large open-growm trees (49. 51). Southern Ixntomland for- 
ests also are less su.scepliblc to drought than upland forests and 
have a low fire frequency (52). with fire risk for boltomiand 
hardwoods in our area classified as vciy low (53). Ch^craii, <ig- 
gregatc tree mortality risk from all pests and diseases in 2013- 
2027 is an estimated 1-5% at our study site and 1-15% for other 
bottomland forests in the area (54). The assumed 5.1-12% an- 
nual mortality rates for our project (SI Apix’ndix. Tabie S2.5) 
thus exceed the combined risk from all these stochastic distur- 
bance events. If disturbance risks were unknown or an tidditionai 
margin of safely sought, a SIP could specify that a portion of 
estimated pollutant removal be deposited in a programwide risk 
buffer account, as is done in forest C offset protiKois (35). 

Another limitation is the use of pollution and weather data 
from fixed stations not Iwated on our project site. Other studies 
on the effeas of peri-urb:in forests on O.i httve used regional 
weather and chemistry models (e.g.. Weather Research and 
Forecasting (\VRF)-Chem; ref. 32]. The high sensitivity of the 0,-, 
concentrations predicted by W'RF-Chem and other advanced air 
quality models to meteorological conditions and the difficulty of 
accurately specifying those conditions for complex coastal zones 
make appHcjition of those models in the HGB area chtiilenging 
(22. 55. 56). 

Finally, the treatment of any net VOC emissions from a re- 
forestation project will affect the overall cost effectiveness (.)f 
such projects for O 3 precursor control, and hence their imple- 
mentation. To promote reforestation for O.j abatement without 
sacrificing air quality goals, it would seem appropriate to not 
debit a project with its VOC emissions as long a.s those emissions 
arc unlikely to lead to O.x formation. .Such a ireatment would be 
justified on the ba.sis that it does not conflict with the defined 
policy (SIP) goal of reducing 0.\ concentrations, but rather 
promotes adoption of novel O 3 control measures that would 
achieve additional Oj ahatemeni heyond that achieved by legally 
mandated conm*! technologies. Application of such a differenti- 
ated treatment of VOC emissions and accurate conversion of the 
0,1 removed by a reforestation project to NO^e bolli require 
reasonably reliable spatial informatitin on the type (NO^, VOC') 
and degree (i.e., production efficiency) of sensitivity of Oj for- 
mation to ambient precursor concentrations, and can signifi- 
cantly affect the siting of reforestation projects and their cost per 
it>n of precursor rcntoval (SI Appcndiv. section S 8 ). 

Conclusion 

Our analysis indicates that reforestation could be a viable, novel 
approach for akrting ground-level O 3 pollution tivat romplcmenls 
conventional technoiogy-ba.scd cxmtrols. Including reforusuition in 
a comprehensive control strategy is desirable for regulators Ix'cause 
it furthers attainment beyond what is achievable with current 
approaches considered technically or economically feasible. It is 
also desirable for regulated emitters because it may lower their 
compliance costs, in pan due to the uniquely scalable nature of 
reforestation that contrasts with the lumpy costs and abatement 
provided by technological controls. We expect that reforestation 
in the Houston O,, nonattainmcni area would be cost competi- 
tive with additional conventional point source NO, controls on 
lands where it has negative or negligible opportunity cost for 
landowners and thus docs not incur land costs. It may even be 
cost competitive on many additional lands where it does incur 
opportunity costs. These lands may need to he purchased, but 
acquisition cosLS may be defrayed through suitable timber har- 
vests, or private or public cost-share agreements motivated by not 
only the high conservation value of those lands (57), but additional 
water quality (58), and recreation and .scenic benefits restored for- 
ests m£w prxtvidc once established and mature (59, 60). 
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Our iiiidirigs iiavc implicalions for other areas with O 3 pol- 
lution problems in the United States and elsewhere. Given the 
large cxlent of suitable bottomland reforestation areas — historic 
ix^ttomland forest cunently in shriiblaiid, grassland, or agncullure 
located in NOx-limitcd portions of US O 3 nonatlainment areas 
(Fig. 2) with similar O 3 and NO 2 concentrations {SI Appendix, 
section S7) and conventional NO,, control costs {SI Appendix, 
section S5) — wc expect reforestation of peri-urban lands could be 
a cost-competitive NO, control approach in many other existing 
US 0.1 nonattainment areas. With high pollutant renwval rates 
reported for peri-urban forests in high-O.i. NOx-limitcd (61, 62) 
cities with deforested and degraded peri-urban areas in need 
of restoration such as Shanghai, China (63), and Mexico City, 
Mexico (32), reforestation may assist in O .3 control also in 
other countries. 

Nevertheless, total pollutant removal by forests is space con- 
slrtiitied: our study forest removes ~0.5 l N (>2 and Z 6 1 03 km"" 
and those in Shanghai and Mexico City remove around 2.1 t NO? 
km y"' (no O.t removal estimate due to lack of ambient con- 
centration data; ref. 6 !) and 0.04 t NO? and 1.7 t O 3 km"" y"' 
(32), respectively. Thus, reforestation clearly could not replace 
all additional, let alone existing, conventional controls. 

In the United States, oppxiitcnities already exist to integrate 
reforestation into regulatory O 3 abatement efforts. Specifically, 
13PA;s (41) policy “Incorporating Emerging and Voluntary 


Measures in a Stale Implementation Plan" encourages stales to 
explore novel approtiches to achieve NAAOS compliance. I'he 
policy defines as “emerging" a meiisure that does not have the siime 
high level of certainty for quantification purposes as traditional 
measures but still fulfiiis the usual SiP requirements of being 
surplus, enforceable, quantifiable, permanent, and antibackslid- 
ing. U explicitly mentions tree planting as an example of an 
ambient concentration-reducing measure that could be used for 
purposes of SIP attainment, reasonable further progress, rate of 
progress, or maintenance rcquiremenls. Under this policy, being 
an emerging SIP measure, reforestation could nth replace emission 
controls already mandated in a SIP (antibacksliding). Rather, it 
would form pail of a suite of additional policies, incentives, and 
controls implemented for attainment or maintenance purposes. 

Imporlaitlly. forests may tower ambient O.s ieveis in NO,,- limited 
areas Iw more than a conventional control device wiiii the same 
total annual amount of NO,;e abatement. This is due to the fact that 
photo«wnthetk: activity and thus Oi and NO; removal by trees are 
clustered around the O,-. season (May-September), and abate- 
ment by conventional controls is di.stributed more or less evenly 
througliout the year. Whether or not higher O j reductions would 
result in additional health benefits depends on differences in the 
spatial patterns of 0,3 reductions produced by the two control 
options and resulting differences in total human exposure. 




Fig. 2. Potential sites in the conterminous United States where reforestation could abate ozone. Sites were identified by intersecting O 3 nonattainment and 
maintenance areas {80 ppb 1997 8 -h standard; ref. 19). NO,-4iniited areas (formaldehyde/NO, ratio >1, from figure 6 in ref. 66 ), pre-European settlement 
forested areas [LANDFIRE Biophysical Settings Layer Refresh 2008 (lf_1.1.0). US Department of the Interior, Geological Survey, w'ww.l^ndfire,gDV^Bget 3 tion, 
php] and lands presently under grass, shrub or agricultural cower (NLCD2006 Landcouer. US Department of the Interior, Geological Survey, www.mrlc.gov/ 
nlcd 06 .,data,php). 
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Forests in the HGB aiea have been declining primarily due tc antbropo- 
getilc disturbances irckiding timber harvest, agriculture, and urbsnication 
(49, 51, 71). Bottomland torests in the region have expcrieiKed particularly 
high losses (72). Although this trend is predicted tp continue in a business' 
as-usual scenario, improved forest protection could reduce future net forest 
loss (73), ond coupieef with large-scale reforestation might euon reverse the 
long-term trend of dedining forest cover. Bottomland forests in the HGB 
area have a high potential lor restoration (57), are less susceptible to 
drought and wildfire than upland forests («9, 51, 52), and have high bio- 
diversity and recreation value (57. 72). Thus, we chose a bottomland site for 
our analysis. 


In Itiis ptipcr wc present, to our knowledge, a Tirst aUempt at 
L-onslrucling a incthodclogy for integrating reforestation inlo O, 
control cfforls. Making such integration a rcaiilj requires addi- 
tional work, above all of the development of specific regulatory 
guidance that addresses several of llie uiKcrtainties outlined in 
our analysis, in particular ihc ozone produciion efficiency of 
NOv. NO, VS- VOC limiiaiioi! of ozone production: and the 
portion of NO^c ahaiement to he deposited in a SIP ■‘hulfcr" 
account to fiedgc tigainst catastrophic disturlrancc events, if any. 
in some cases, removing or reducing these uncertainties may 
require additional rosearcb. 

I.arge-scaie reforestation for O,, abalcmcnl generally should 
be limited to NO,-sensilK-e enviromnenls, as additional forest 
cover may increase Ox levels in situations where O3 forraiitk.ni is 
VOC: litnitcd (30. 44. 64. 65). It is imporutni to note that with the 
exception of the urban cores of large metropolitan areas, inttny 
portions of O? nonattainmetit and maintenance areas in the 
United States (19, 66) and cLsewhcrc (61, 62) are characterized 
as NO< sensitive. Use of reforestation for O3 abatement there- 
fore may have widespread applicability. Our findings sugge.st that 
reforestation for air pollution abatement coiistilute.s a potentially 
giolsaily applicable example of “natural infrastnictiirc" solutions 
to environmental challenges (c.g.. 67, 6S). 

Case Study and Methods 

Case Study Site. The eight-county HGB area has an average annual tem- 
perature between 15 and 20 °C (60 and 70 “F) and annual precipitation 
averages 1,020-1,530 mm (40-60’') (69). It lies primaiily in the Gulf Coast 
prairies ana marshes ecoregion, and paniatly in the upper west gulf coastal 
plain estoregion (70), and contains the easlem two-thirds of the SIS.OOO-ha 
Columbia Bottomlands Conservation area extending from ihe Gulf Coast 
inland along the Brazos, Colorado, and 51. Bernard Rivers (57). Out of a total 
of '189,400 ha potentially available for reforestation to bottomland hard- 
woods (5/ Appendix, Fig, 53), we selected a 40a.69-h3 reforestation site 
located jusl north of Brazos Bend State Park (29°24'54'’N, 95”33’5T'W> 
expected to achieve high O 3 and NOj removal (S/ Appendix, section 57). His- 
torkaily foresled, the site is now primarily grassland with sparse tree and shrub 
cover. Fig. 3 shows the HGB area, the study site, and the Texas Commission on 
Environmental Quality (TCEQ) monhwing stations from which pollution and 


Selection of Suitable Reforestation Sites and SilviciMtural Criteria. Planting site 
selection for Oj and precursor control purposes should maximize pollutant 

wind data suggests that reforestation would remove the most 0 , in 
southern and southwestern Harris and in Brazoria County, and NO? removal 
would be highest in, and downwind of, the downtown Houston area and 
northwest of major NO. point sources along the Gulf Coast {51 Appendix, 
SGciionS?). Siting depends on whether NO. or VOC abatemerrt is prioritized 
{SI Appendix, section 58). We maximize NO, abatement by locating the study 
site south of Houston in Bn area already high in biogenic VOC emissions (74) 
where O 3 formation is expected to be mostly NO, limKed -as it is in most of 
the HGB area Ifigure Zb in ref. 42| especially during late morning to late 
afternoon (42, 62) when biogenic VOC emissions are highest. Thus, VOC 
emissions from the additional forest are unlikely to lead to additional O 5 
formation that would reduce the Os net balance of the project. Our case 
study site is located in Brazoria County (Fig. 3). just downwind of major in- 
dustrial NO, sources along the Gulf Coast and in the path of high NO, 
concentrations and Oj plumes drifting southwest over the Houston metro 
area {SI Appendix, section 57). 

characterized by suitable soil and site properties Such a design is expected to 

repuire less maintenance, be self-regenerating, and achieve lower mortality, 

allowing planting ofsmalier trees that in urban areas would be more prone to 
accidental or vandalism-related damage. This minimizes costs and emissions 
from maintenance, replacement, and monitoring aaivities (75, 76). We 
minimize VOC emissions by avoiding the planting of high-VOC-emitting 
species {SI Appendix, section 96). 

MaKimiiing Precursor Afialeraent: NO,e vs. VOCe. Ozone and NO^ removal 
rates by trees generally increase whh pollutant concentrations (29). Al- 
though very high polUrtant concentratiorss can reduce photosyntbetic rates 
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or makes trees rnore susceptible to other stressors such as insect or pathogen 
attack (77, 78), exposure levels to O3 in the HGB area are not within the range 
that is expected to result in injury to shrubs and trees (79). We therefore as- 
sume that reforestation will achieve the highest O3 and NOj removal rates in 
areas with the highest O3 and NOj concentrations, respective. 

Nitrogen dioxide removal by forests-appropriately adjusted for uncer- 
tainties-can be translated directly into NO> removal a reforestation project 
could claim. The calculation of the precursor removal a project could claim 
for the O3 it removes is less straightforward. Ozone removal by forests is 
equivalent to avoiding emission of the precursor quantities used up in the 
formation of the removed quantity of O3. Converting O3 removed into 
its equivalent quantities of avoided precursors require information on the 
O3 production efficiency in the area, that is, the number of O3 molecules 
formed from a precursor molecule (80). 

Results from simulations (38) and measurement flights (39) Indicate an O3 
production efficiency envelope of 3-8 in the HGB area for NO,; that is. 3-8 
O3 molecules are formed per NO, molecule oxidized during midday hours, 
making removal of an O3 molecule equivalent to removal of 1/3-1/8 of a NO, 
molecule under NO<-iimited conditions. We use this 3-fl range to develop 
high and low removal cases, respectively, for our reforestation project. 

With O3 formation in our study and much of the H68 area characterized 
as NO, limited, we convert O3 removed by the project to NO.j equivalents 
(NOje) using the molecular weights of the two compounds and the 3-8 
range of O3 production efficiencies of NO, (i.e.. t O3 * 0,32-0.12 NO2). Be- 
cause point sources are regulated on emissions of NO, (most of which are 
immediately converted to NOj in the atmosphere) and not NO^, we follow 
existing policy guidance and convert NO^e to NO,e using the national NOj: 
NO, default ratio of 0.75 (81). whkh closely matches observed ratios of 
a.73-0.7'1 in the HGB area (82). 

Time Horizon of Analysis and Discount Rates. 60th time hcH^izon and dtKOUnt 
rate affect cost-effectiveness estimates. We use a 30-y time horizon that 
somewhat exceeds the average 20-y lifetime of conventional NO, control 
equipment (<I5) and the 25-y crediting period used for CARS forest carbon 
offset projects (35). Although the planted forest is expected to survive past 
30 y and its cost-effectiveness increases with the time horizon, uncertainty as 
to future Oj levels (and thus biogenic removal rates) and changes in the 
regulatory framework argue against much longer timeframes. 

We use a 7% discount rate to calculate the PV of future project c<Kts (SIP 
and C offset reporting and monitorir>g) and of C offset revenues, which 
"approximates the marginal pretax rate of return on an average investment 
in the private sector" (ref. 83, p. 9; SI Appendix. Table 59). We discount fu- 
ture see estimates using 2.5% and 3% discount rates, respectively 
(Avoided Social Cost of Carbon). 

Reforestation and Silvicultural Characteristics. Rosen et al. (72) report that 
eight native tree species (Carya aqua f/ca, Celtis laevigata, fraximn penrysylvan'Ka, 
Ouercus nigra. Q. texana, 0. virginiana, Ulmus americana. U. crassifolia) 
accounted for 87% of overstory basal area in a mature, protected bottom- 
land hardwood forest in southwestern Brazoria County (S/ Appendix. Table 
52.1). Online reviews and phone inquiries with regional tree nurseries 
showed that six of these species (all but C laevigata and C. aquatica) were 
commercially ovaHabie In a variety of planting stocks and sizes. We selected 
these six species for planting and assume a constant forest composition 
(SI Appendix, Table 52. 2) during our artalysis period and no natural re- 
generation or introduction of any additional species. 

We assessed possible climate change effects on our selected species using 
the Climate Change Atlas for 134 Forest Tree Species that predicts tree dis- 
tribution ranges based on the random forests model (84, 85). Speeffk cli- 
mate, topographic, soil, and land use parameters used in the random forest 
model and modeling methods are detailed in ref. 84. Our analysis suggests 
that habitat suitability in the bottomland forest areas in the HGB area will 
remain generally unchanged for the planted species during our time horizon 
(S/ Appendix, Table 52,3), 

Initial tree planting density and size affect overall pollutant removal and 
project costs and thus are key project design and modeling parameters. 
Recommended initial planting density for bottomland hardwood forests 
ranges from 400 to 3,000 plants per hectare (SfAppendor, Table 52.4). For this 
study we used 730 seedlings per hectare as a base case (47), based on rec- 
ommendations for ecological restoration of bottomland hardwood forests 
in This region (86), 

The size of tree planting stock, in terms of D8H or caliper (diameter at 
61 cm above ground), is the dominant driver of reforestation costs. High- 
quality planting stock, and in general larger planting material, have overall 
higher survival rates (75) and thus will achieve a given age-specific target 


density with a lower initial planting density. Tree size also is positively re- 
lated to crown area <87)-a key air pollution removal variabie-and thus 
pollutant removal per tree is greater for larger trees in any given year. 
However, tree stock and planting costs also increase with tree size. The most 
CcKt-effective size at planting depends on ail of these factors. Much of the 
scientific literature examining bottomland reforestation fcKuses on seed- 
lings {SI Appendix. Table S2.4), which may be the most cost-effective size for 
adding trees in open, unpopulated areas (75). We modeled different tree 
size classes and planting densities to identify the cost-effeaive planting 
design for O3 and precursor abatement. 

Project Costs. Our SIP reforestation project costs comprise of (/) planting- 
rdated costs for project design, planting stock, site preparation and main- 
tenance; (//) land opportunity costs from forgone value of displaced land 
uses; and (hi) transaction costs for legal or coordination activities with reg- 
ulatory bodies or third parties for initial project approval and for monitoring 
and reporting for SIP and carbon offset compliance (verification and regis- 
tration) purposes, if any. 

Pianting-Reiated Costs. We obtained cost estimates for planting stock, site 
preparation, and labor {SI Appendix, Table 51) from the literature and 
regional providers (75, 88). Recommended site preparation techniques for 
hand and machine planting styles comprise reduction or elimination of 
weeds through prescribed fire, mowing, or double disking (89). Given 
expected constraints on the use of prescribed fire in our study area doe to 
potential effects of smoke on air quality, we assumed site preparation by 
mowing and double disking. 

For tree seedlings and planting costs, our low estimate combines a stock 
cost estimate of $0.24 per seedling and Texas Forest Service per-acre cost 
estimates for hand planting ($75) and niowing ($33) as recommended for this 
planting option (89). Our high estimate uses Texas Forest Service estimates 
for hardwood seedling costs ($0.60 each) and per-acre costs for planting by 
wildland machine ($85) and double disking ($115) as recommended for this 
planting option (89). We assume hand and machine planting costs per acre 
are for commonly used planting densities like those reported in Stanturf 
et 3!. (47, 86), and scale these costs proportionally for higher planting 
density scenarios. 

Private Land Opportunity Costs, land opportunity costs are highly dependent 
on the value of displaced, incompatible uses by owners. Not all uses arc 
incompatible with reforestation-including timber production (48, 86), rec- 
reation opportunities or visual amenities for people living inlhe viewshed of 
reforested lands (59. GO), although the latter two are generally lower for 
peri-urban reforestation sites due to their initially dense, low-height struc- 
ture and their location away from populated areas. Reforestation oppor- 
tunities exist on public, deforested bottomlands currently under shrub or 
grass cover, and on large tracts of cotwerted former bottomland hardwoods 
owned by companies with several large point sources in the area on which 
reforestation would not displace current or anticipated future high-value 
uses, thus incurring negligible land opportunity costs, Private third-party 
land owners might also be willing to have their bottomlar^ds reforested for 
free Of for a charge. With most converted former bottomlands currently in 
agriculture, we bracket potential opportunity costs by using two estimates: 
(i) zero cost and (rV) S4,940/ha-the approximate average fee-simple cost 
for nonwaterfront agricultural land in bottomland habitat in the area 
{SI Appendix, section 51). 

Third-Party Land Opportunity Costs. Reforestation may impose costs on third 
parties by restricting the supply of developable land. Because of its small size 
and location away from urban expansion, this is not a concern for our case 
studyproject. It also generally is less of a concern for peri-urban reforestation, 
Furthermore, any development-related opportunity costs would be at least 
partially offset by property value premiums and nonmarket benefits owners 
of properties near reforested lands would receive (59, 60). 

Transaction Costs. To satisfy SIP-reiated monitoring requirements (41), we 
assume that a site analysis ($2,000 each) will be carried out every 2y to assess 
whether tree survival and growth (key drivers of pollutant removal) match 
model predictions. We also assume an initial site inventory ($10,000). If the 
project registers for CARB C offsets (35), the more demanding CARB in- 
ventory would be substituted for the SIP inventory, in the case of C offset 
generation, vve assume an initial complete forest inventory ($20,000) fol- 
lowed by full verifications ($20,000 each) in years 14, 20, and 26, and 
annual interim verification and data reports (35) ($5,000 each). All offset 
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cost estimates are based on The Nature Conservancy data for CalKornia 
Climate Action Reserve integrated forest management offset projects. 

Forest Canopy Modeling. We modeled tree canopy cover at annual time steps 
during the analysis period based on a simplified growtb-survivabilfty model 
and a tree stem-crown area allometric equation (49. 87. 90). We determined 
the cost-effective planting density and tree size by modeling Oj and NO2 
removal and project costs for planting cfensities between 730 and 1,500 
stems per hectare, for seedling and larger planting stock. We estimated the 
number of surviving trees fST) during the 30-y anaty^ period from initial 
tree populations and DBH size-class-based growth and mortality rates {SI 
Appendix, Table 52. 5) for Gulf Coast peri-urban forests (49, 90). These rates 
account for hurricane-related mortality. The annual tree crown width (CW) 
increments were then estimated using the following DBH-based allometric 
equation for Alabama Ouercus spp (87); 


with an initial planting density of 730/ha {SI Appendix, Table 56.2), Although 
leaf biomass is usually the key forest structural parameter used for biogenic 
emission modeling (44. 64), due to the lack of leaf biomass allometric 
equations for our species we assume a linear relationship between leaf 
biomass and leaf area and develop leaf area-scaled VOC emission estimates 
(kilograrns of VOC per square meter of tree cover) for other planting den- 
sities u«ng modeled tree cover, DBH-based growth-mortality model esti- 
mate and the crown area equation (87), and VOC emission results from 
phases 1 and 2 {SI Appendix, section 56). Detailed UFORE modeling methods 
and assumptions can be found in refs. 32 and 76. 

RnaHy, due to a lack of species- and region-specific allometric equations, 
we estimate indnridual tree aboveground carbon (AGO storage using a 
composite equation for mixed hardwoods (91): 

4GC=exp{ -2.‘i0-i-2.4835x In DBHi. 12) 




CW= -0.8941 -hQ.515 DBH + 0.0059(DBH)^. [1| 

Crown area (CA) for each year was calculated as CA = s x {CW/2)^ for each 
individual tree and summed over ST. Natural regeneration or stand dearirtg 
disturbance events were not separately accounted for in our 30-y analyw period. 

Air Pollution Removal, VOC Emission, and Carbon Sequestration Modeling. 
We used the UFORE model (UFORE-ACE versiors 6.5 with U4D020701-SAS 
and U4B020700 modules; ref. 76) and hourly pollutiori concentration and 
meteorological data from January 1 to December 31, 2009 (SI Appendix, 
Table 57.1} to estimate the annual removal of NOj and Oj and VOC emis- 
sions per unit area of surviving tree cover using UFORE-estimated forest 
structure parameters (Table 1). Hourly pollutant concentrations and solar 
radiation data are from TCEQ’s Manvel Croix Park C94 (29*31‘-41’N, 95'23'- 
29^) and Bayland Park (29'41'45"N, 95*29'57"W) monitors, respectively, 
and meteorological data (wind direction and speed, temperature, dew 
point, atmospheric pressure, precipitation, arid sky cover) from the National 
Oceanic and .Atmospheric Administration Natiortal Climatic Data Centers' 
Pearland station (29'3n''N, SS'lS'O'W). We assume that 2009 O3 concen- 
trations and meteorological parameters will remain constant over the 30-y 
analysis period [5/ Appendix, section 57). Also, rather than model required 
UFORE structural parameters and annual air pollution removal and VOC 
emissions for every year in our 30-y analysis period, we use a simplified ap- 
proach and model two representative urban forest structural phases (TaWe 1) 
and respective air quality effects to obtain necessary modeling parameters. 

Our first modeling period represents the stand establishment phase at 
around year 3 of the projea [Phase 1; leaf area index (LAI) = 3, 17 and0BH$< 

12.7 cmj. Our second modeling period characterizes a maturing stand at 
about year 20 to represent years 11-30 (Phase 2; LAi » 3,42 and D6Hs & 

12.7 cm), To simplify our biophysical modeling, we assume that seedlings 
without a DBH will have similar growth and mortality rates as those trees 
with a DBH < 7,6 cm. Further, we assume that because of appropriate site 
preparation, planting criteria and monitoring, planting stock will become 
established within the first year of planting. Additional required modeling 
parameters were set at these values; Leaf dieback and missing crown, 80% 
and 10%, respectively, for both phases; tree condition = good, and percent 
crown present = 75, for both phases; and crown fight exposure of 3 and 
5, for phases 1 and 2, respectively. 

To simplify our biogenic emission modeling, we estimate phase 1 and 
phase 2 VOC emissions for a growth-mortality modeled tree population of 
244,456 (year 3) and 56,214 (year 20). respectively, fora reforestation project 


We derived annual net carbon sequestration as the year (!)-on-year differ- 
ence in carbon storage during our analysis period, 46C, • ACC,.,. 

CartKHi Offsets. Reforestation projects in the United State are eligible for 
generating carbon offsets under California's US forest Projerts Offset Pro- 
tocol if they are additior>al-that Is, not otherwise required by law, regula- 
tion, or any legally binding mandate applicable in the offset project 
jurisdiction, and would not otherwise occur in a conservative business- 
as-usual scenario (35). Unlike the regulatory-prescribed conventional air 
pollution control technologies included in SiPs, emerging SIP measures like 
reforestation are not mandatofy. Thus, we expect a reforestation project to 
meet the additionality requirement, except in cases where its cost effec- 
tiveness exceeds that of converstionai control approaches sufficiently to 
make its implementation dearly profitable even without offsets. 

We use the March2012priceof 5l2.25/t C02e(S4S/tO for December 2013 
forward contracts for guaranteed California Compliance Offset Credits (92) 
to calculate expected offset revenue Offset prices have iitcreased slightly 
during January 2012-)anuary 2013 <93. 94), but we assume real offset prices 
will remain unchanged during our analysis period-likely a conservative as- 
sumption given the large current and expected future supply shortfall (95). 
We estimate offset quantity as aboveground tree carbon sequestered by 
the project minus the maximum 19% mandatory contribution to the CARS 
forest offset project buffer account (using US default fire risk of 4%; ref. 35). 

Avoided see Estimates of the SCC-the total value of the sum of future 
damages from a l-t increase in atmospheric COj concentrations-vary widely 
(96), We use the two "middle" SCC estimates developed by the federal In- 
teragency Working Group on Social Cost of Carbon (9'/), which represent the 
averages of the damage estimates produced by the Dynamic Integrated 
Climate-Economy; Policy Analysis of the Greenhouse Effect; and Framework 
for Uncertainty. Negotiation and Distribution models (97) for discount rates 
(PRTP) of 3% and 2.5%. The SCC present value (2012) used to value 
aboveground carbon sequestered by our reforestation project declines from 

S24.7 (3% PRTP) and $40.1 (2.5%) respectively per ton of C in 2012 to $1B,4 
and $31.4/1 in 2042 (SI Appendix, Table 510). 
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ENVIRONVcKTAl 
DEFENSE Fend 

Finding tne ways that v^orK 


The Honorable Eddie Bernice Johnson 

Ranking Member, Committee on Science, Space,' and Technology 
U.S. House of Representatives 

Dear Ranking Member Johnson: 

Our nation has long worked together — red states and blue states alike — to help protect our 
communities and our families from haiinful air pollution including the deleterious impacts of ground- 
levei ozone (smog). I respectfully submit this information for consideration by the U.S. House of 
Representatives Science, Space, and Technology Committee at its March 1 7, 2015 hearing on the U.S. 
Environmental Protection Agency’s proposed National Ambient Air Quality Standards for Ozone. 
Strengthening these vital air quality standards in accordance with medical science science is mandated 
by the nationfs Clean Air Act, is foundational to ensure transparency and science-based rigor in telling 
American’s whether their air is safe to breathe, and is essential to protect tlie health of our citizens 
including those who are especially vulnerable to the health harms from ozone air pollution. 

Strengthened Ozone Standards are Aehievable and Cost-Effective 

Strengthened ozone standards are urgently needed to proteet publie health and many highly cost- 
effective, commonsense clean air measures are available to help secure these needed health protections. 
The 40-year history of the Clean Air Act shows that the nation’s public health standards are achievable, 
through available technologies and innovation by states and businesses. 

Our nation has often worked to achieve greater reductions than required, sooner, and at lower 
costs than estimated. Indeed, there are many dean air measures well underway that will help states, 
communities and families realize vital protections from ozone pollution. 


Nationai Cap<lal Office ■ 1 375 Cotinacilciit Aveiiiis. NW • WasW.r^on, DC 2£»09 • 202 387 3500 • Fax 202 23-s 60<J9 • edloig 
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Misplaced “Sky is Falling” Claims Focus our Nation on Polarizing Scare Tactics Instead of the Clean 
Air Protections that are Needed for America’s Communities and Families 

Some claim that strengthening the ground-level ozone standard to protect public health, as the 
science and law demands, would amount to “the most expensive regulation ever,”' Unfortunately, these 
“sky is falling” prognostications are not new. In 1997, during another debate over strengthened national 
public health standards. Senator Spencer Abraham (R-Ml) was among those who claimed that the new 
standards would have serious economic impacts: “Dry cleaning establishments, hair salons, and other 
small businesses will not be able to absorb the increased costs imposed by these regulations,” the 
Senator said.‘ 

In fact, our nation made enormous strides in protecting public health from air pollution through 
commonsense eost-effective solutions. This is consistent with the time tested history of the Clean Air 
Act. Between 1990 and 2020, a recent EPA report projects that the benefits of the Clean Air Act will 
outweigh costs by 30 to 1 } 

In recent years, similar “sky is falling” claims have been made about clean air standards to 
control acid rain, cut mercury and other air toxics, reduce soot, and lower tailpipe emissions. These 
“sky is falling” claims were recently prominent in the debate over EPA’s landmark mercury and air 
toxics standards for power plants. EPA Administrator Lisa Jackson signed the final Mercury and Air 
Toxics Standards in December 201 1 at Children's Hospital in Washington, D.C. Within months, major 
power companies that had been making “sky is falling” claims about the compliance costs during EPA’s 
development of these standards were touting to investors that compliance costs were plummeting: 

• On July 20, American Electric Power CEO Nichola.s Akins confirmed that the company's 
projected costs have come down nearly 25% from what AEP originally projected. He added, 
“[W]e expect it to continue to be refined as we go forward.” In other words, costs will eome 
down even further.'' 


’ Naf 1 Assoc, of Manuf., 0-one Regulations: Potentially the Costliest Regulation in History Threatens Manufacturing 
Comeback, http://www.nam.org/Issues/O 20 ne-ReguIations/ {last visited Dec. 1 5, 201 4). 

■ 143 Cong. Rec. S 10813 (daily ed. Oct. 9, 1997) (statement of Sen. Abraham). 

^ U.S. Environmental Protection Agency, The Benefits and Costs of the Clean Air Act from 1990 to 2020. 

’ Nicholas Akins, American Electric Power Co., Inc. Q2 2012 Earnings Call Transcript (July 20. 2012), available at 

htip://seekingalpha.co 01/3111016/736.361 -american-clectric-power-management-discusses-q2-2012-results-eamings-call- 
transcript?a!l Ame&find=american%3Belectric%2Bpower14>2BAEP%2B%2Bjulj'%2B 1 2%2C%2B20 1 2. 
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• On May 15, Southern Company CFO and Executive Vice President Arthur P. Beatty slated 
that the amount the company projects for compliance costs “couid be $0.5 billion to Si billion 
less, because of the new flexibility that [the company has] found in the final rules of the MATS 
regulation.’’' 

• On August 8, First Energy CEO Anthony Alexander stated. ‘’[W]e have significantly reduced 
our projected capital investment related to MATS compliance.”^ 

Based on recent earnings calls, American Electric Power Company’s range of cost estimates has 
fallen by a third to half, Southern Company’s cost estimates have declined by a third, and FirstEnergy's 
costs have fallen approximately 77-85 percent/ 

This is consistent with the history of the Clean Air Act. Since 1 970, our nation has reduced the six 
pollutants regulated under the national ambient air quality standards program by 68 percent while GDP 
has grown 234 percent as illustrated in the graph below. 
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Source; EPA* 


* An Beanie. CFO of Southern Company, Deutsche Bank Clean Tech, IhiUties and Power Conference Call Recording (May 
15. 2012). available at hHp://earningscast.com/SO/201 20515. 

” Anthony Alexander. CEO, FirstEnergy, 02 2012 Results, Earnings Call Transcript (Aug. 8, 2012). m'ailahie at 
http://seekingalpha.comj'anicle/79006!-firstenerg}\s-ceo~discusses-q2-20}2~resulls-earning.^-call-transcripl. 

See Envti. Def. Fund, Blog, Power Companies’ Declining Estimates of Compliance Costs of the Mercury Air Toxics 
Standards (MATS), http://biogs.edf org-''c!imate41 l/files/2014/05/DecIining-costs-of-MATS- 
compliance.pdf?_^ga-l. 102810441. 834084056.1418406109. 
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Actions Already Underway Will Help Communities Meet Strengthened Ozone Standards 

Currently, 90 percent of areas designated nonattainment for the 1 997 ozone health standards now 
meet those standards.'^ The U.S. has already taken steps over the past few years that help to cost- 
effeetively reduce ozone smog pollution and help restore healthy air. Those proteetions inelude the Tier 
3 tailpipe standards, supported by the U.S. auto industry, which will slash smog-fonning pollution from 
new' cars beginning in model year 2017 and the lower sulfur gasoline requirements will reduce pollution 
from every car on the road, and EPA’s proposed Clean Power Plan which wdl! substantially reduce 
smog-fonning pollutants from power plant smokestacks nationwide. 

These are just a few of the existing and pending national emission standards that will secure 
substantial reductions and that F2PA anticipates will help to achieve broad-based compliance with 
strengthened ozone air quality standards. Analysis of various clean air measures adopted or soon to be 
put in place indicates that our nation will reduce the precursors to smog by millions of tons, securing 
over two million tons of volatile organic compound reductions and over five million tons of nitrogen 
oxides reductions. These emissions standards will secure vital reductions that will help states restore 
healthy air for those communities and families afllicted by ozone pollution. 

Thank you for your leadership and attention to this important issue. 

Sincerely, 

Vickie Patton 
General Counsel 
Environmental Defense Fund 


* U.S. Environmental Protection Agency, Air Quality Trends, http://epa.gOv/airtrends/image.s/y70_13.png {last visited Dec. 

15,2014). 

U.S. Environmental Protection Agency, The National Ambient. 4ir Quality Standards, EPA 's Proposal lo Update the Air 
Quality Standards for Ground-level Ozone, Fact Sheet, available at http://www.epa.gov/airquality/ 
ozonepoliutiony'pd fs/20 1 4 1 125fs-numbers.pdf. 

U.S. Environmental Protection Agency, Regulatory Impact Analysis at tbi. 3-1. 
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This correcled version of the editorial was posted on 12/29/14. The previous version included several values that 
were stated in ppm, rather than ppb. 

Scientific Evidence Supports Stronger Limits on Ozone 


In 2007, 2010, and now again in 2014, the American Thoracic Society (ATS) has 
recommended that the U.S. Environmental Protection Agency (tvPA) adopt an 8-hour ozone 
national ambient air quality standard of 60 ppb in order to adequately protect public hcalth( I, 2). 
While the recommended standard endorsed by ATS has not changed during this time, the 
scientific evidence supporting this recommendation has significantly strengthened. The 
scientific evidence available seven years ago justifying this recommendation has been 
supplemented by an even greater understanding of health effects of ozone exposures, including 
infant respiratory problems, worse childhood asthma control, reduced lung function, and 
increased mortalily in adults. 


On November 25, 2014, the EPA proposed a standard in the range of 65 to 70 ppb. which 
is lower than the current standard of 75 ppb'. While we applaud the EPA for proposing a stricter 
standard, we believe the scientific evidence clearly calls for a standard of 60 ppb to protect 
human health. Wc are currently in the public comment period for the proposed ozone rule and 
urge the EPA to issue a more protective standard of 60 ppb. This is the second time that the 
Obama Administration has reviewed the cnircnt ozone standard of 75 ppb. The previous 
administration established the cuireni standard outside ofthc range recommended by the Clean 
Air Science Advisory Committee (CASAC) of 60 to 70 ppb(3). In 2010, CASAC reaffirmed its 
initial recommendation as part of an early reasse.ssmcnl the ozone standard, an effort that was 
ultimately abandoned in 201 1(4). Since a new science assessment was not conducted as part of 
that review, the cunent review of the ozone standard is the first to consider new scientific 
evidence since 2006. 


^ The standard is defined as ihe annual 4"’ highest maximum daily 8-hour ozone average, averaged over three years 
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Since 2006, much more evidence has accumulated that ozone exposures in the range of 
60 to 75 ppb have adverse physiologic effects across the entire age spcctaim — from infants to 
older adults. While there is also some evidence of health effects of ozone exposure below 60 
ppb, the strongest evidence supports the conclusion that serious adverse health effects occur 
across all ages at levels above 60 ppb. 

Highlights of this new body of evidence include a study of emergency department visits 
among children aged 0 to 4 in Atlanta, which found that each 30 ppb increase in the 3-day 
average of ozone was associated willi an 8% higher risk of pneumonia and a 4% higher risk for 
upper respiratory infcction(5). Several studies have demonstrated dose-response relationships 
between ozone exposure and childhood asthma admissions at exposure levels in the 60 to 80 ppb 
range (6-9). Similar associations have been found for adult admissions for asthma(9-l 1) and 
COPD(I2, 13). A population-based cohort study of generally healthy adults found that FEV) 
was 56 mL lower after days when ambient ozone ranged from 59 to 75 ppb compared to days 
with levels under 59 ppb(14). Controlled human exposure studies have rc-afflrmed lung function 
decrements in healthy adults after exposure to 60 to 70 ppb of ozonc( 1 5, 1 6). Perhaps of greatest 
eoncem. there is now stronger evidence of increased mortality in association w'ith ozone(17-19), 
particularly among the elderly and those with chronic disease(20, 21). 

In making this recommendation, we acknowledge that challenges exist in reducing 
ambient ozone concentrations. Unlike other pollutants regulated by the Clean Air Act, ozone is a 
secondary pollutant fonned from precursor pollutants through photochemical reactions in the 
atmosphere. This presents challenges in designing successful abatement plans. For example, 
the natural presence of precursor chemicals, and long-range transport of ozone from beyond US 
jurisdictional boundaries, can each contribute to background ozone levels(22). However, the 
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adverse health effects of ozone do not discriminate based on the source of precursor pollutants, 
nor do tlicsc complexities change Uic reality that serious adverse health effects occur at 
concentrations above 60 ppb. While the science surrounding background ozone is still emerging, 
the evidence of adverse health risks of ozone is clear. 

Another challenge for ozone management is that the secondary formation of ozone can 
result in higher concentrations downwind from the primary sources of precursor pollutants, 
cutting across jurisdictions. As a result, integrated planning across jurisdictional boundaries and 
compliance with the “good neighbor” provision of the Clean Air Act will be necessary to reduce 
regional ozone to levels that adequately protect public hcalLh(23). 

While controlling ambient ozone will be a challenge, it will also present opportunities for 
innovation and leadership. State Implementation Plans will vary in how counties across the U.S. 
plan to remediate unhealthy levels of ozone. While all plans will take time to achieve the needed 
results, the best approaches will be identified and serve as a model that other regions can follow 
to protect public health. 

The timing is excellent for revision of the ozone standard to 60 ppb as the new standard 
can build on .substantial recent progress. In March 2014, the EPA finalized new standards for 
motor vehicle emissions and cleaner fuels which are expected to reduce ozone levels 
significantly(24). Already-adopted revision.s to standards for particulate matter and air toxics are 
also likely to further reduce ozone forntation(25). But above all, we are entering an era of 
technological innovation, infrastructure reconstruction, and commitment to sustainability in 
which obsolete technologies are being replaced by more efficient and less-polluting innovations. 
This is exactly the right time to lay down the correct performance criteria and design 
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specifications for the new technology, before we commit to a new energy and transportation 
regime that could limit our choices in the future. 

The US EPA has taken significant actions in the past when justified by scientific 
evidence, most notably by reducing the permissible concentrations of airborne lead by 90% in 
2008 and reducing the pennissible annual concentrations of fine particle pollution by 20% in 
2013(26). We encourage the EPA Administrator, with the full support of the President, to 
acknowledge the large body of scientific evidence documenting the harms caused by ozone 
pollution and set a standard of 60 ppb to protect the health of the American public. 


Mary B. Rice M.D. 

Division of Pulmonmy, Critical Care and Sleep Medicine 
Beth hi-ael Deaconess Medical Center, Boston. Massachusetts 


Tec L. Guidotti M.D. M.P.H. D.A.D.T, 
Fulbright Visiting Research Chair 
Institute for Science, Society and Policy 
University of Ottawa. Ottawa, Ontario, Canada 


Kevin R. Cromar Ph.D. 

Department of Environmental Medicine 

New York University School of Medicine, New York, New York 
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On behalf of the ATS Environmental Health Policy Committee. 
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JOHNS HOPKINS 

n 1 V E R vS S T Y 

DepartBentofPediafrics 

School of Medicine / CMSC i 1 02 
The Johns Hopkins Hospital / Baltimofe, MD 21287-3923 
(410) 955-5883 / FAX (41C) 355-0229 

Division of Iramunolt^si and Allergy 

March 9, 2015 

The Honorable Suzanne Bonamici 

Ranking Member, Environment Subcommittee, House Science, Space and Technology 
Committee 

2321 Rayburn House Office Building 
Washington, D.C. 205 1 5 



Dear Congresswoman Bonamici, 

We are writing to give more infonnation and perspective about our recent publication 
“Neighborhood poverty, urban residence, race/ethnicity, and asthma: Rethinking the inner-city 
asthma epidemic” and its implications for tlie relationship between asthma and air pollution. 

In this study we used data from the National Health Interview Survey (NHIS) to examine the 
relationship between metropolitan status (i.e., living in an Urban. Suburban, Medium Metro or 
Small Metro/Rural area), poverty, race/ethnicity, and prevalence of asthma among children in the 
U.S. This survey, conducted by the Centers for Disease Control is a nationally representative 
sample. In our study we found that poverty and race/ethnicity were major risk factors for asthma 
prevalence, but that living in an urban metropolitan area was not a risk factor for asthma 
prevalence. This study’s finding has been misinterpreted by some who believe that it suggests 
that air pollution in general, and ozone in particular, is not important for asthma'. 

This is an erroneous conclusion to draw from the study’s results because first, our study did not 
examine air pollution, and second, residence in an urban area cannot be taken as a surrogate for 
high air pollution exposure, as air pollution is not confined to urban areas. In fact, ozone levels 
are actually highest in suburban areas downwind from urban areas rather than in urban areas 
thern.selves", and there is substantial variability across the U.S. between regions and areas. For 
example, air pollution levels are very high in non-urban areas in the California Central Valley. 
Most importantly, a link betw'een ozone levels and respiratory health outcomes is supported by 
many studies that have used a variety of methods that are more appropriate for this question'". 

Our findings instead highlight that children with asthma live in all t>pes of metropolitan areas 
throughout the U.S., and suggest the need for comprehensive policies to reduce the prevalence of 
asthma across the U.S. Until we can develop such policies, we need to reduce threats to the 
health of people with asthma, including ozone pollution. 

Thank you for your interest in this matter. Please contact me with any questions. 
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Sincerely, 



Corinne A. Keet MD, PhD 
Assistant Professor of Pediatrics 
Johns Hopkins School of Medicine 
Baltimore, MD 21287 
Email: ckeetl ihmi.edu 
Phone: 410^955-5883 

On behalf of my co-authors: 

Meredith McConnack, MD. MHS, Johns Hopkins School of Medicine 
Roger D. Peng, PhD, Johns Jlopkins School of Public Health 
Craig Pollack, MD, MHS, Johns Hopkins School of Medicine 
Emily McGowan, MD, Johns Hopkins School of Medicine 
Elizabeth C. Matsui, MD, MHS, Johns Hopkins School of Medicine 


‘ For example: http://instituteforenergyresearch.org/analysis/study-undermines- 
scientific-basis-epas-ozone-rule/ 

“ Simon, H et al. Environmental Science and Technology. 2015, 49, 186-195 
For example: 

Meng, YY et al. J Epidemiol Community Health 2010; 64: 142-147. 

Kim CS et al. Am ] Respir Crit Care Med. 2011, 183:1215-1221. 

Gleason JA et al. Environmental Research 132 (2014) 421-429. 

Rice MB et al. Am j Respir Crit Care Med. 2013. 188(11): 1351-1357 
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Submitted by Representative Suzanne Bonamici 


March 17, 2015 

The Honorable Gina McCarthy 
Administrator 

U.5. Environmental Protection Agency 
EPA Docket Center Mailcode 28221T 
1200 Pennsylvania Avenue, NW. 

Washington, DC 20460 

Attention Docket ID No. EPA-HQ.-OAR-2008-0699 
Dear Administrator McCarthy: 

We, the undersigned, are public health and medical professionals who call on you to protect our 
patients, our communities and our nation from ozone pollution by adopting the most protective 
national ambient air quality standard of 60 parts per billion (ppb). 

The Clean Air Act requires the U.S. Environmental Protection Agency (EPA) to set the primary national 
air quality standard to accurately reflect the state of the science and to protect the public health, 
including those most vulnerable to the effects of air pollution, with an adequate margin of safety. There 
is a robust body of scientific evidence that supports the adoption of a more protective standard of 60 
ppb. Clearly, the evidence show that the current standard of 75 ppb does not protect the public health. 

era’s panel of expert science advisors, the Clean Air Scientific Advisory Committee (CASAC), has 
reviewed the scientific evidence in the EPA integrated Science Assessment, the Health Risk and Exposure 
Assessment and the Policy Assessment and has unanimously concluded that "there is clear scientific 
support for the need to revise the standard." We also agree with CASAC's unanimous expert opinion 
that at "70 ppb there is substantial scientific evidence of adverse effects," and that adopting a standard 
of 60 parts per billion "would certainly offer more public health protection than the levels of 70 ppb or 
65 ppb and would provide an adequate margin of safety." (CASAC letter to Administrator McCarthy, 
dated June 26, 2014). 

Controlled human exposure studies have repeatedly demonstrated that some healthy adults 
experienced reduced lungfunction and increased airway inflammation following exposures to 
concentrations of 60 ppb and below (Adams, 2002 and Adams, 2006 Brown et ai., 2008 and Kim et al, 
2011). The chamber studies establish the strongest evidence that concentrations above 60 ppb provide 
significant risk not only to many healthy adults, but most critically, to vulnerable and susceptible 
populations, including children, seniors and people with asthma and other chronic lung diseases. 

Six large epidemiological studies in the U.S. and Canada provide further real-world evidence that a 
standard of either 70 ppb or 65 ppb fails to provide adequate protection, as recognized in the Policy 
Assessment. These studies (Bell et aL, 2006; Cakmak et al., 2006; Dales et al., 2006; Katsouyanni et al., 
2009, Stieb et al, 2009) reported positive and statistically significant associations from the most serious 
health threat— premature death— as well as from hospital admissions and emergency department 
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visits. In the majority of locations \A/here increased risk was found, the ozone levels would have met the 
weaker standards of either 70 or 65 ppb, but would not meet a standard set at 60 ppb. 

The combined evidence demonstrates that the EPA*s proposed range of 65 to 70 ppb would not provide 
adequate protection forthe large at-risk populations, nor even for all healthy adults. EPA's Integrated 
Science Assessment identifies children, the elderly, outdoor workers and people with asthma as more 
susceptible to ozone than the genera! population. However, EPA also identified research that indicated 
that others, including people with low socioeconomic status, may face increased risk. 

The primary ozone standard is crucial to protecting the public health. The current ozone standard clearly 
puts far too many people at risk. Therefore, we urge you to adopt the most protective level for the 
ozone national ambient air quality standard of 60 parts per billion. 


Sincerely, 


Alabama 

A. David Russakoff, MD 
Angela Garnett, LPN 
DeNay Kirkpatrick, DNP 
Donna Shanklin, MPH 
Marissa Natelson Love, MD 
Mark Dransfield, MD 
Melanie Dickens, MS 
Paula Warren, MD 
Selena Coleman, MPH 
Stacie Propst, PhD 
Surya Bhatt, MD 
Tammy Shikany, RRT 
Tim Op't Holt, RRT 

Alaska 

Deborah Giedosh, Ed D, RN 
Debra Riner, RN, BSN 
Elizabeth Snyder, PhD, MPH 
Erin Michael, RN, MSN, BA, ADN 
Gretchen Clarke, MPH 
Lonni Clayton, RRT, AE-C 
Susi Peterson, RN 


Cassalyn David, MPH 

Corinthia Walters, MSHE, RRT, AE-C 

David Sanderson, MD 

David Wootten, B5, RRT 

Dena L'Heureux, MD 

Diane Lupo, RRT 

Donna Bryson, RN 

Eve Shapiro, MD 

George Parides, DO 

Jennifer Miller, BA, RRT 

Jill Triplett, RRT 

Jim Love, RRT 

John McKinney, RRT 

Keith Kaback, MD 

Leah Iverson, MPH 

Mary Ellen Westlake, RRT 

Patricia Van Maanen, RN, BSN, MS 

Phyllis Primas, RN, BSN, MPH, PhD 

Rafael Merle, RRT, RPFT, MS, NPS 

Rob Rachowiecki, RRT, MS 

Robin Rosenberg, RRT 

Rolf Halden, PhD 

Tony Corrales, RRT 


Arizona Arkansas 

Alan Crawford, MBA, RRT-NPS-ACCS, AE-C, David Grimes, MD, MPH 

HACP James Wohlleb, MS 

Barbara Warren, MD, MPH, FACP Nathaniel Smith, MD, MPH 

Bernice Carver, BA, Public Health Educator Page Daniel, MS 

Beth Roberts, RRT-NPS, RCP Syed Abid, MD 
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California 

Adriana Botic, MPH Candidate 
Akilina Douthat, BSPH 
Amanda Gonzales, MPH 
Amy D Kyle, PhD MPH 
Ana Gomez, VN 
Andrea Graboff, PT 
Andrew Deckert, MD, MPH 
Angela Wang, MD 
Angelie Soriano, LVN 
Angelie Soriano, LVN 
Anne Kelsey Lamb, MPH 
Anya Gutman, MPH 
Armando Valdez, PhD 
Arnold Gorske, MD 
Barbara Langham, RN, BSN 
Barbara O'Malley, RN 
Catherine Thomsen, MPH 
Christopher Chin, DO 
Christopher Warren, PhD Student 
Chung Yi, RRT 

CindyNelson, RN, PNP, MPH 

Cindy Russell, Cindy Russell, MD 

Consuelo Pernia, CHP 

Dan Huynh, MPH 

Dan Woo, MPH 

David Cooke, MD, FACS 

David Pepper, MD 

Dawn Mare Wadle, MD 

Deanna Aikenberry, MPH 

Deborah Baker, RN 

Deborah Baker, RN 

Diana McKee, RRT 

Don Gaede, MD 

Donna Carr, MD 

Dr. Brent Green, PhD, MPH 

Elaine Lo, MPH 

Elena Lingas, DrPH, MPH 

Erica Kasper, MD 

Eugene Takahashi, PhD, MPH 

Fred Herskowitz, MD 

G. Zacharia Reagle, DO 

Gail Hovland, RRT 

Gilbert Urquidez, RRT 


Greg Urbina, RN 

Gregory Stevens, PhD 

H. Leabah Winter, MS, MPH, MPH 

Hassan Bencheqroun, MD 

Ivan Gomez, MD, MS 

Janene Harper, RRT 

Janyth Bolden, RRT 

Jennifer Akamine, MD 

Jerena Hammett, RRT, RCP 

Jill Biggane, RN 

JoElliff, RN, PHN, FNP 

Joan Edelstein, MSN, DrPH, RN, PHN 

John F. Murray, MD, FRCP 

John Kaufman, MPH 

John Oda, RN 

Jose Ramon Fernandez-Pena, MD, MPA 

Jose Vempilly, MD 

Judith Katzburg, PhD, MPH, BSN, RN 

Karen Jakpor, MD, MPH 

Kate Benscoter, MEd, RRT 

Kate Cheyne, MPH 

Kate Mcintyre, MPH 

Kenneth Saffier, MD 

Kimberlee Walsh, MPAS, PA-C 

Kortney Sommer, RN 

Krista Farey, MD 

Larry Posner, MD 

Leslie Hata, DDS 

Lilian Martinez, RN 

Linda Ayala, MA, MPH 

Linda Rudolph, MD, MPH 

Lisa Archibald, MSW 

Lorean Nwosu, MD 

Lori Wilson-Hopkins, RN, MSN 

Manal Aboelata, MPH 

Mandeep Singh, MD 

Maria Bejarano, CHP 

Maria Montilla, RN 

Marie Boman-Davis, PhD, MPH, MCHES 

Marie Hoemke, RN, PHN 

Marilia Baltazar, RN 

Mark Andrade, RRT 

Mark Horton, MD, MSPH 
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California, continued 

Mark Shane Balagot, RRT 

Mary Frazier, RN, MSN, AE-C 

Mary Hunsader, RN, MSN, CNS, AE-C 

Mary Maddux-Gonzaiez, MD, MPH 

Mel Novell, Ph.D, MPH 

Meredith Barrett, PhD 

Meredith Miiet, MPH 

Michael Guarnieri, MD, MPH 

Michael Kelly, MD 

Michael Peterson, MD 

Michael Schivo, MD, MAS 

Mirthia Kaufman, RN 

Monica Laimayum, MD 

Naiel Nassar, MD 

Nicole Person-Rennell, MD, MPH 

Norman Orr, DO 

Overa Simmons, RCP 

Padideh Towfighi, CRT, RRT 

Pamela Luna, DrPH, MST 

Paul Mills, PhD 

Pik Wah Ho, RRT 

Praveen Buddiga, FAAAAI 

Ranjeet Singh, MD 

Richard J Jackson, MD MPH 

Richard Kreutzer, MD 

Rick Lighthizer, RRT 

Robert Blount, MD, MAS 

Roberta Welling, MS, MPH 

Rodney Mardirosian, MPH 

Roshenara Moore, CHP 

Roshon Murray, CHW 

Royce Calhoun, MD 

Rudy Yanit, RRT 

Samantha Pellon, MPH 

Samuel Applebaum, MD 

Sandra Wong, RCP 

Sarah McNeil, MD 

Seth Shonkoff, PhD, MPH 

Shefali Majmudar, DO 

Solange Gould, MPH, DrPH (c) 

Sonal Patel, MD, MS 
SoyoungThouvenin, RN 
Stephanie Leonard, MS 


Stephen Hansen, MD 
Stephen Ruoss, MD 
Steven Ratcliff, DO 
Stutee Khandelvi/al, MD 
Susan Sinio-Pineda, LVN 
Susan Smyth, RRT 
Suzan Goodman, MD MPH 
Suzanne Alderete, RRT 
Theresa Cannizzaro, CRT, RCP 
Theresa Cannizzaro, CRT, RCP 
Tze-Ming Chen, MD 
Wendy Ring, MD, MPH 
William Miller, RRT 
William Wallin, MD 
Yong Sun, RRT 

Colorado 

Angela Pollock, RN-BC, BSN, MS 

Ann Magennis, PhD 

Barbara Brandt, NP 

Carrie Robinson, RRT 

Dawn Webb, RRT-NPS 

Dvonne Duran, RRT 

Elsa Palafox, RRT 

Hector Grajeda, RRT 

Jamie Sahli, RRT 

Joshua Zimmerman, CRT, RRT 

Juan Badal, RRT 

Julia O’Shea, RRT, BA, RYT-200 

Kari Woodruff, RRT 

Lisa Cicutto, RN, ACNP, PhD 

Melanie Gleason, PA-C 

Michael Volz, MD 

Morgan Crowell, RRT 

Rebecca Lynn, RRT 

Robert Keith, MD 

Ron Blidar, MEd, CHES 

Sara Pope, CNA 

Sonya Pradia, RRT 

Timothy Kennedy, MD 

Connecticut 

Audrey Fee RRT 
Christina Kyriakos MPH 
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Connecticut, continued 

Christine Solimini-Swift MEd, CHES, CHFS, RMT 

Colleen D’Amico RN 

Connie Dills RRT 

Cynthia Varsell, RN 

David Hill, MD 

Donna Gebow, RRT 

Frederick Cohn, MD 

Gienn Ellsworth, CRT 

Flossein Sadeghi, MD 

Jane Reardon, MSN, APRN 

Jason Ligos, RRT 

Jennifer Pagano, RN 

John Votto, DO 

June Kung, RN 

Kathleen Conway, APRN 

Kathryn Mcbreen, RRT 

Kerry McNiven, MS, RRT 

Krisitne Jones, RN 

Lisa Mariani, RRT 

Louis Levine, RRT-NPS, RPFT 

Lynn Galgano, RN 

Mohammed Rahman, RRT 

Morna Guerra, RRT, AE-C 

Patricia Cohn, RN 

Peter Rogoi, MD 

Phyllis Paliett'Flehn, PhD, MPFI 

Richard Sudac, RRT 

Ruth Canovi, MPFI 

Sandy Weinberg, RN, BSN, MA 

Susan Ayr, RRT 

Tracy Daizel!-Hill, RN 

Wendy Martinson, RN, MSN 

Delaware 

Albert Rizzo, MD 
Anne Glass, RN 
Ashley Gebhart, BSN, RN 
Farid Moosavy, MD 
Joseph Kestner, Jr., MD 
Mark Jones, MD 

District of Columbia 


Claudine Isaacs, MD 
Emily Ruge!, MPFI 
Janice Nolen, MS 
Nsedu Witherspoon, MPFI 
Patrick Benko, MPFI 
Philip Filder, MD 
Rebecca Rehr, MPFI 
Tee Guidotti, MD MPFI 

Florida 

Andrea Fiedler, MA 
Barbara McComb, MD 
Brenda Olsen, RN 
Cheryiann Celian, LPN 
Colleen Bartlett, ARNP 
Gabrielle Schmitt, APRN, MSN 
Gail Finneran, RRT 
Fleather Elizondo Vega, MD 
Jaime Magnetico, RRT 
John Lima, PharmD 
Joy Dixon, MPFi 
Juan Martinez, MD 
Michael Reuther, RRT 
Patricia Lowrey, RN 
Rachel Bossola, RN, BSN 
Richard Thurer, MD 

Georgia 

Anne Dunlop, MD, MPFI 

Betty Daniels, RN 

Bhavana Murthy, MPFI 

Christina Fuller, ScD 

Clifton Dennis, RRT, CRT, AE-C 

Deidre Flarp, MSN, RN 

Donielle Beil, MPFI Candidate 

Frances Dunston, MD, MPFI 

Flannah Beriault, MPFI, RRT 

Jodie Rodriguez, RN, MS, CPNP, AE-C 

Maeve Howett, PhD, APRN, CPNP, IBCLC, CNE 

Marcia Flolstad, PhD, RN, FNP-BC 

Paul Weinberg, MD 

Rabindra Tirouvanziam, PhD 

William Crosland, MD 


Bill Blatt, MPH 
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Hawaii 

Christian Gloria, PhD, CHES 

Christine Fukui, MD 

Stephen Wehrman, RRT, RPFT 

Valerie Chang, JD, facilitator of COPD Support 

Groups 

Idaho 

Judi Jackson, RRT 
Judith Bailey-Jackson, RRT 

Illinois 

Alfreda Beth, PhD 

Angel Lugay, MD 

Angel Perry, MPH student 

Bernadette McCoy, CRT 

Carol Ramm, RRT 

Cheryl Davis, RN 

Cheryl Davis, RN 

Cherylee Bridges, RN 

Christina Emmert, RDH 

Christina Hildebrand, CRT 

Collette Hoagland, RN, EMT-B 

Cristina Turino, MPH/MBA Candidate 

Dean Schraufnagei, MD 

Diane Meyer, RN, BSN, MA 

Elizabeth Bormann, MPH, CHES 

Elizabeth Strain, MPH, CHES 

Enas Khalaf, MPH 

Felicia Fuller, MD 

Harold Wimmer, MS 

Jane Shehorn, RT 

John Patena, MPH 

Joseph Morin, MPA, REHS 

Kelley \A/atson, MPA MPH 

Kevin Kovitz, MD 

Kim Artis, CHW 

Kristina Bushue, Exercise Physiologist 
Kristina Hamilton, MPH 
Malcolm DeCamp, MD 
Malgorzata Borowy, RN 
Matthew Schmitz, MS, BS 
Matthew Schmitz, MS, BS 
Michaeline Hade, PC 


Paula Enstrom, MSPH, RN 
Phyllis DeCamp, RN, MS 
Samuel Jackson, MPH 
Sandra Blood, CRT, TTS 
Sara Fiddes, RRT 
Sarah Restrepo, RRT 
Sherri Sheftel, MPH 
Stephen Joyce, MD, MPH 
Susan Avila, RN, MPH 
Terri Weaver, PhD, RN 
Terry Mason, MD, FACS 
Therese Hanigan, APN/CNP 
Victoria Wiebel, MPH 
Worku Feleke, MPH 
Yashika Watkins, PhD, MPH 

Indiana 

Barbara Cox, Retired RN 
Brenda Wilkerson, CRT 
Connie Salm, RRT, AE-C, CPFT, CCT 
Elizabeth Richards, PhD, RN 
Jennifer Denney, HSC 
Joycell Ingram, RN 

Karen Ranee, DNP, APRN, CPNP, AE-C 
Linda Bundick, CHES 
Mary McAteer, MD 
Vicky Hicks, RRT, AE-C 

Iowa 

Chartles DeProsse, MD, MPH 
Claudia Boss, RN 
Jane Caes, RN, BSN 
Jeneane Moody, MPH 
Katie Jones, MPH, CHES 
Laura Delaney, PA-C 
Lorene Mein, DNP 
Mary Hansen, RN, PhD 
Peg Eppolito, LMHC 
Rebecca Ubben, MS RD 
Scott Sheets, DO 
Stephen Hamann, MPH 
Susan Pohl, MS, RD 
Teresa Kelley, PharmD 
Thomas Gross, MD 
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Kansas 

Bette Stansbury, CRT 

Chris Tilden, PhD 

Eldonna Chesnut, RN 

Heather Male, MD 

Herbert F. Young, MD, MA, FAAFP 

Ivonne Rivera-Newberry, RN, BSN 

James Joerke, MPA 

Kathy Weaver, RT 

Kenneth Davis, PT, MPH 

Kimber Kasitz, BSN 

Lougene Marsh, MPA 

Marshall Post, RRT 

Mashail L. Post, RRT 

Peter Ninemire, LSCSW, LCAC 

Richard Ziesenis, BA, REHS, CPM 

Stephanie Thibeault, RN, BSN 

Vickie Klein, CRT, CPFT 

Kentucky 

Aruni Bhatnagar, PhD 
Barbara Casper, MD 
Brittney Stinnett, BSN 
Bryan Beatty, RRT 
Jean Bowling, BSN 
Tami Capiileti, RRT 
Terri Schlader, CRT 

Louisiana 

Andrea Lowe, MPH, PhD 
Bijal Patel, MPH 
Fayron Epps, PhD, RN 
Jane Andrews, MD, MPH 
Kyle Happel, MD 
Marcia Oursler, MPH 
Nereida Parada, MD 
Rebecca Rothbaum, PsyD 

Maine 

Al Sheehy, MPPM 
Alan Leo, EMT 
Albert Nickerson, LA 
Allen Wicken, PT 
Barbara DeCoste, RN 


Barbara Larsson, RRT 

Barbara LaVallee, RDH 

Bob Kohl, MPH 

Bonita Irwin, LPN, AE-C, CTTS 

Brita Nettleton, MPH, CHES, CTTS 

Carol Rice, PhD, CIH 

Celine Kuhn, MS 

Cheryl Dedian, RRT 

Christina LaBrecque, RRT 

Christine Fowlie, Medical secretary 

Daren Rainey, RRT 

David Bachman, MD 

David Giansiracusa, MD 

Debbie Andrews, MPH 

Deborah Deatrick, MPH 

Deborah Hoch, DNP 

Diane Haskell, RRT 

Donald Berthiaume, RMA 

Donald Endrizzi, MD 

Donna Levi, MS 

Donna Wheeler, CEA 

Douglas Couper, MD 

Edward Walworth, MD 

Effie Craven, MPH 

Heather Brown, RRT 

James Melloh, MD 

Janice Pelletier MD, FAAP 

Jeff Saffer, MD 

Joan Miller, RN 

Jordan Peck, PhD 

Joyce Ellsmore, RRT 

Julie Osgood, MPH 

Kalie Hess, MPH 

Karen Boucher, RRT 

Karen Greenlaw, Wellness Mapping 360 

Wellness & Health 

Katherine Murdough, RN 

Kathleen Huntington, RN 

Keith Siegel, RRT 

Lawrence Fischman, MD 

Lee Beth Gilman, MS, CHES 

Lynne Thompson, CRT 

Marguerite Pennoyer, MD 

Molly Hendsbee, RN, ASN 
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Maine, continued 

Antonia Blinn, BS, CHES 

Norman Anderson, MSPH 

Bethany Schloss, RRT 

Paul Shapero, MD 

Brian Simonds, RRT 

Peggy Weed, RRT 

Candice Belanoff, ScD, MPH 

Peter Doran, PhD,CHES 

Carole Dorris, BA, MA 

Pierre Marki, RRT 

Craig Slatin, ScD, MPH 

Rhonda Vosmus, RRT-AE-C 

David Clini, CRT 

Richard Veilieux, MPH 

David Hunt, EMT 

Scott Edgecomb, RN, RRT, CCRN 

David Wegman, MD, MSc 

Sharon Foerster, LCSW 

Donna Hawk, RRT, AE-C 

Sharon Hooper, RN 

Douglas Johnson, MD 

Sherrie Miller, RRT 

Eduardo Siqueira, MD ScD 

Stephen Meister, MD, FAAP 

Elizabeth Pietro, RT 

Sue Thieme, RN 

Francine Jacobson, MD, MPH 

Suzanne Rosenberg, LCSW 

Jane Taylor, RN, MPH 

Sydney Sewali, MD. MPH 

Katie Mowatt, MPH 

Tina Pettingill, MPH 

Kenneth Stevens, RRT 

Wendy Haskell, RN CEN CPEN 

Leonard Sicilian, MD 

William Turner, MS, PE 

Linda Kovitch, RRT, DRNA, MSN 

Lisa Tonello, FFS facilitator 

Marvtand 

Lois McCloskey, DrPH 

Christine Berg, MD 

Malcolm Bryant, MD MPH 

Daniel Tran MD 

Mary Vogel, JD 

Elizabeth Gall, MHS 

Nahiris Bahamon, Medical Student 

Fred Murphy, PT, GCS 

Philip O'Donnell, CRT 

Georges C. Benjamin, MD 

Ron Raymond, RRT 

Gillian Silver, MPH 

Ronald Dorris, MD 

Henry Montes, MPH 

Sara Donahue, MPH, DrPH 

Jamie Tran, RN 

Sharon Pero, MSN, RN, GCNS-BC 

Karen Lewis, MD 

Stephanie Beaudett, BS Nursing, MEd, NCSN 

Kathleen Mcnulty MSW 

Kathleen Ogden, MPH 

Susan Lundin, RN, BSN, AE-C 

Katie Huffling, MS, RN, CNM 

Michigan 

Kendra Fink, RDN 

Amy Schulz, PhD, MPH 

Linda Berry, MD, MPH 

Carly Ornstein, MPH 

Lisa Jordan, PhD,RN 

Cheryl Holloway, PhD PhD 

Mona Sarfaty, MD, MPH 

Chris Coombe, PhD, MPH 

Omar Khan, MD 

Connie Currier, DrPH, MPH 

Richard Beckerman, MD 

Dave Errickson, RN 

Robyn Gilden, PhD, RN 

Dave Gupta, MD 

Delbert Raymond, PhD, RN 

Massachusetts 

Diane Schilling RN, AE-C, CCE 

Angeli Jesrani, RRT 

Ann Ottalagana, PTA 

Dilhara Muthukuda, MPH 
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Michigan, continued 

Harry Perlstadt, PhD, MPH 
Jan Fletcher, RN 
Jessica Thomas, BSHA 
Jiayi Wan, RN 
Joyce Stein, BSN 
Kathleen Slonager, RN 
Kenneth Rosenman, MD 
Laura Kennett, MS, ATC, CSCS 
Lawrence Hennessey, MD 
Naomi Ervin, PhD RN 
Natalie Sampson, PhD, MPH 
Nettie Riddick, MSN 
Patricia Koman, MPP 
Rebecca LaDronka, DVM, MPH 
Samir Parikh, MD 

Therese Smith, RN, BSN, MS, MPA, CCM 
Tina Reynolds, RN 

Minnesota 

Annette Schmit-Cline, MD 

Borgstrom Kim, RRT 

Catherine Erickson, RN, BSN 

Cherie Zachary, MD 

Cheryl Sasse, RRT 

Colette Henke, RN Student 

David Midthun, MD 

Dona Haines, RN, PHN 

Eamon Flynn, MPH 

Ed Corazalla, MS, RPFT 

Janet Keysser, MA, MPH 

Janet Malkiewicz, RN, AE-C 

Jessica Simmons, RRT, CPFT, AE-C 

John Inkster, MS, ACSM-CEP 

Josh Greensweig, SPT 

Judith Luebke, PhD 

Julia Silvrants, RRT 

Karen Kaverman, BSN 

Laura Duckett, BSN, MS, PhD, MPH, RN 

Linda Funk, MD 

Linden Weiswerda, MURP 

Mary Ruff, RRT 

Megan Schultz, RRT-NPS 

Michele Allen, MD 


Michelle Morris, MPH 
Richard Woeliner, MD 
Sam Norte RN, Student 
Sandra Kistner, RRT 
Sonja Johnson, RN, BSN, PHN 
Sumathi Vaidhyanathaswamy, MD 
Teresa Schicker, MPA 
Travis Anderson, MS 

Mississippi 

Brenda Bell Caffee, MPH 
Celia Roberts, RN student 
Jennifer Cofer, MPH, CHES 
Marshae McNeal, MPH 
Ron Davis, MBA 
Stephanie Watson, RRT 
Trisha Neumeier, RN 

Missouri 

Ajay Sheshadri, MD, MSCI 
April Fritz, BSRT 
Debbie Hoehn, RNC WHNP 
Jaime Tarsi, RN, MPH 
Laura Frick, MSW 

Michelle Robinette, MD/PhD student 
Shahida Rice, MPH 

Montana 

Christine Stanish, RRT 

David Mark, MD 

Diana Hammer, MPH, CIG 

Elizabeth Schenk, PhD, MHI, RN 

Gregar Lind, MD 

Kathleen Masis, MD 

Kelli Avanzino, RN, MN 

Lori Byron, MD 

Mark Robertson, MSPT 

Meg Traci, PhS 

Paul Smith, DO 

Robert Byron, MD, MPH 

Robert Merchant, MD 

Nebraska 


David Corbin, PhD 
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Nebraska, continued 

Marlene Wilken, RN, MN, PhD 
Ryan Schmidt, RRT 

Nevada 

Aimee Barnes, BSRT, RRT 
Angelina Manchester, MSN, RN 
Cecilia Degenhart, MEd; RRT 
Douglas Springer, CRT 
Hermine Plotnick, OTR 
Holly Cechvala, BSRC, RRT-NPS 
Janera Tucker CADC 
Joseph Iser MD, DrPH, MSc 
Kyle Thrower, FFS facilitator 
Laura O'Gara, BSW 
Lysa Buonanno, BSRS, RT(R) 

Mayra Burnham, BA 
Paul Visone, CRT 
Sierra McKillips, CAN 

New Hampshire 

Amy Hibbard, ACSM - Certified Exercise 
Physiologist 

Ann Turner, MS, RN, CCM 

Anne Duszny, RRT,NPS, AE-C 

Barbara Gleason, RN BSN AEC 

Cheryl Keeler, CMA 

Christine Houle, LPN 

Jessie Lawford, RRT 

Katherine Wescott, RN 

Kristie Stone, LPN, AE-C, VA-BC, ROT 

Lindo Terry Spencer, MD 

Richard Rumba, MPH 

Trudy Loy, CRT 

Virginia Hedberg, RN 

XanGallupRN, RRT, AE-C 

New Jersey 

Alvin Strelnick, MD 
Arthur Torre, MD 
Derek Shendell, DEnv, MPH 
Dr. Joseph Parrish, PhD 
Jacob Peltzman, MPH 
John Rutkowski, RRT 


Kim Blanda, RN, BSN 
Lara Gee RD, CDE 
Lori Tartell, RN 
Mary Stabile, CHT 

Mary Vecchio, MSN, RN, APNC, OCN, CTTS 

Monica Falkin, MPH 

Natalie Pierro, RN 

Nicolette Crescas, RN, MPA 

Nimfa Cabatingan, RN 

Roni Todd-Marino, LPC 

Stephen Crane, PhD, MPH 

Susan Landick, BS, RRT 

Tommie Lou Judson, RN 

Velva Dawson, MPA 

Zachary Ehrlich, MPH 

New Mexico 
Akshay Sood MD, MPH 
Dona Upson, MD, MA 
Duane Ross, MD 
Erica Walden, LPN 
Kathleen Moseley, RN MS 
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Report Qualifications/ Assumptions and Limiting Conditions 

Information furnished by others, upon which all or portions of this report are based, is believed 
to be reliable, but has not been independently verified, unless otherwise expressly indicated. 
Public infonnation and industry and statistical data are from sources we deem to be reliable; 
however, we make no representation as to the accuracy or completeness of such information. 

The findings contained in this report may contain predictions based on current data and historical 
trends. Any such predictions are subject to inherent risks and uncertainties. NERA Economic 
Consulting accepts no responsibility for actual results or future events. 

The opinions expressed in this report are valid only for the purpose stated herein and as of the 
date of this report. No obligation is assumed to revise this report to reflect changes, events or 
conditions, which occur subsequent to the date hereof. The opinions expressed in this report are 
those of the authors and do not necessarily represent the views of NERA Economic Consulting, 
other NERA consultants, or NERA’s clients. 

All decisions in connection with the implementation or use of advice or recommendations 
contained in this report are the sole responsibility of the client. This report does not represent 
inve.stment advice nor does it provide an opinion regarding the fairness of any transaction to any 
and all parties. 
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EXECUTIVE SUMMARY 

This study evaluates the potential compliance costs and impacts on the U.S. economy if the U.S. 
Environmental Protection Agency (EPA) were to set a National Ambient Air Quality Standard 
(NAAQS) for ozone of 65 parts per billion (ppb). Employing our integrated energy-economic 
macroeconomic model (NewERA), we estimate that the potential emissions control costs could 
reduce U.S. Gross Domestic Product (GDP) by about $140 billion per year on average over the 
period from 2017 through 2040 and by about $1.7 trillion over that period in present value 
terms.' The potential labor market impacts represent an average annual loss employment income 
equivalent to 1.4 million jobs (/.e., job-equivalents).* 

These results represent updated values from the results in our July 2014 report (NERA 2014), 
which developed estimates of the potential costs and economic impacts of achieving a 60 ppb 
ozone standard using the best information then available. In November 2014, the U.S. 
Environmental Protection Agency (EPA) released updated emissions and cost information 
supporting their proposal to revise the ozone standard (EPA 2014a); we have used that new 
information to update our analysis. Also, given that the proposed rule suggests setting a revised 
ozone NAAQS in the range of 65 ppb to 70 ppb, in this update we assess the economic impacts 
of a potential 65 ppb ozone NAAQS. This Executive Summary of our study begins with a 
summary of the differences between the information and methodology in our July 2014 report 
and those used in this updated study. It then provides summaries of our estimates of the costs 
and economic impacts of attaining a potential ozone NAAQS of 65 ppb. 

Changes in Data and Methodology Since the July 2014 Report 

The methodology used for this study is largely similar to the methodology used in our July 2014 
report. This section discusses changes to the three components of our analysis: 

1 . The methodology for estimating emission reductions. This study used updated EPA 
information on the future NOx and VOC emissions levels needed to comply with a 
potential 65 ppb standard (rather than a 60 ppb standard as in our July 201 4 report). 


' .All dollar values in this report are in 2014 dollars unless otherwise noted. The present value reflects impacts from 
2017 through 2040, as of 2014 discounted at a 5% real discount rate; this discount rate falls in the 3% to 7% range 
recommended in EPA's Guidelines for Preparing Economic Analyses (20 1 Oa, p. 6-19), and it is consistent with the 
discount rate used in the N,.wERA model. 

" “Job-equivalents” is defined as total labor income change divided by the average annual income per job. This 
measure does not represent a projection of numbers of workers that may need to change jobs and/or be 
unemployed, as some or all of the loss could be spread across workers who remain employed, thereby impacting 
many more that 1.4 million workers, but with lesser impacts per worker. 
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Additionally, we used updated cost and effectiveness information about emission controls 
that have been identified by EPA. 

2. The methodology for estimating compliance costs. We updated the costs of the known 
controls that EPA identified to attain the 65 ppb standard using EPA’s new cost data. 
However, even for a 65 ppb standard, more than half of the emissions reductions needed 
across the country would come from measures that EPA still has not identified. Using 
the same evidence-based approach for developing a cost curve that we used in our ,luly 
analysis (but using the more recent inventory data, and updating the calculations for a 
later year of compliance spending), we calculated the costs of the set of further emissions 
reduction needs that EPA has left unidentified in its current analysis. We also updated all 
dollar figures from 2013 to 2014 dollars. 

3. The methodology for estimating economic impacts. We used the same version of 
NERA’s NcwERA macroeconomic model as our previous study to estimate the economic 
impacts of our estimated costs for reducing emissions in the amount necessary to attain a 
65 ppb ozone standard. In contrast to EPA’s analysis, we excluded the proposed EPA 
Clean Power Plan rule from our modeling baseline. 

In our July 2014 report, we performed a sensitivity analysis on the possibility that nonattainment, 
especially in rural areas of the U.S., could create barriers to continued growth in oil and gas 
extraction. A national policy question that remains in a state of flux is whether or not new 
permitting requirements hinder growth in energy production. A tightened ozone standard has the 
potential to cause nonattainment areas to expand into relatively rural areas, where there are few 
or no existing emissions sources that could be controlled to offset increased emissions from new 
activity. If nonattainment expands into rural areas that are active in U.S. oil and gas extraction, a 
shortage of potential offsets may translate into a significant barrier to obtaining permits for the 
new wells and pipelines needed to expand (or even maintain) our domestic oil and gas 
production levels. The sensitivity analysis in our July 2014 report resulted in much larger natural 
gas price effects, and raised macroeconomic impacts of our base case by about 30 to 50%. 
Limitations of time have prevented us from conducting a similar sensitivity analysis for this 
update. 


Methodology for Estimating Emission Reductions 

The July 2014 report relied on projected 2018 baseline VOC and NOx emissions and EPA 
information from its 2008 and 2010 Regulatory Impact Analyses (RlAs) to estimate reductions 
required for all regions of the U.S. to come into compliance with a 60 ppb standard. The updated 
EPA information that we rely on in this study includes projected 2018 and 2025 base ease and 
baseline emissions as well as EPA’s estimates of reductions required from the 2025 baseline 
emissions to achieve a 65 ppb standard (EPA 2014a-g). We use the updated EPA estimates of 
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state-by-state emissions reductions from the 2025 baseline as the principal basis for our estimates 
of NOx emissions levels that would allow a 65 ppb standard to be attained nationwide.’ In order 
to reach and maintain this level of NOx emissions consistent with a 65 ppb ozone concentration, 
states would need to reduce emissions at existing sources and prevent any net increases in 
emissions from new or expanded sources. We also rely on EPA’s revised data on the cost of 
emissions reductions for “known” control measures, which are provided by source sector and 
state. 

Our methodology for estimating costs of emission reductions is similar to our July 2014 study. In 
both studies, we substituted our base case estimates of electricity generating unit (EGU) 
emissions for those of EPA, for consistency with our economic impact model, which estimates 
costs from EGU emissions reductions endogenously. As before, we adopted EPA’s cost 
estimates for those controls that EPA identifies as “known” — that is specific controls for which 
EPA had developed emission reduction and cost information — and we applied our ow'n more 
evidence-based approach for estimating costs for the many required reductions that EPA treats as 
“unknown.” For estimating the impacts to the U.S. economy of our estimates of compliance 
costs, we assigned each state’s projected cost to specific calendar years, using assessments of 
their likely attainment dates. Also consistent with our prior study, we assigned the costs to 
specific sectors in each state; for the “known” control measures these assignments were based on 
the sector-specific information available in EPA’s data and for the “unknown” control measures, 
these assignments were based on emissions inventory data on the relative contribution of each 
source category to the remaining emissions in each state. 

Methodology for Estimating Compliance Costs 

Our methodology for developing estimates of compliance costs in this study is the same as in our 
July 2014 report, although of course the numerical values are different reflecting the additional 
information now available. As noted, EPA developed updated estimates of the annualized costs 
from “known” controls, and we used this updated information on “known” controls. 

As in the July 2014 analysis, emission reductions from “known” controls were not sufficient to 
achieve attainment, in this case with a 65 ppb ozone standard. EPA has filled the gap with a 
rough estimate of costs of “unknown” controls, i.e., controls for which no cost information was 
developed. In contrast to the two cost estimation methodologies presented in its 2008 and 2010 
RIAs, this time EPA used a single simplistic assumption that annualized control costs for these 
“unknown” controls would be equal to $ 1 5,000 per ton, regardless of the state, the sector, or the 
amount of emission reduction required. This estimate was not based upon any evidence-based 

’ We focused our analysis on NOx emissions, but we also included EPA’s estimates of VOC emission control costs 
in our modeling. 
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analyses of the nature of the emissions that remain after “known" controls are in place, or of the 
costs of potential additional controls for these sources. 

Our compliance cost estimates are based upon a synthesis of EPA estimates of emission 
reduction, our modifications of EP.A’s assumptions regarding baseline reductions, EPA’s 
estimates of the costs of “known” controls, and our more detailed estimates of the costs of 
“unknown” controls. As in our July 20 1 4 report, our “unknown” cost estimates arc more 
evidence-based than EPA’s. as w'e use detailed information on the types of sources that account 
for the remaining emissions (EGUs, other point sources, on-road sources, off-road mobile 
sources, and area sources) as well as estimates of the potential costs of reducing emissions by 
scrapping existing emission sources prematurely. We updated our estimates of the costs of 
scrapping light-duty motor vehicles using up-to-date information. Wc also used updated 
information to assess the implications of these dollar-per-ton values for the marginal cost curve 
for reductions needed to achieve compliance. As in the July 2014 study, the result is a set of 
estimates of the costs for each state to comply with a more stringent ozone standard based upon 
the use of .specific information to assess “unknown" control costs. 

Methodology for Estimating Economic Impacts 

Our methodology for estimating economic impacts of the estimated costs of compliance with a 
65 ppb ozone standard is the same as in the July 2014 study for a 60 ppb standard, using NERA’s 
NewERA macroeconomic model. In the NcwERA model, expenditures on emissions control 
measures to comply with a new ozone standard reduce investment in other productive sectors of 
the economy, which results in decreases in economic output in .subsequent years. The capital 
co.sts associated with compliance .spending are assumed to be incurred from 2017 until 2036 (the 
last projected compliance date, for extreme areas), while each state's estimated operating and 
maintenance (O&M) costs are incurred for all years after the state’s attainment date. Our 
economic impact analysis accounts for the effects of costs projected to be incurred through 2040. 

NcwERA is an economy-wide integrated energy and economic model that includes a bottom-up, 
unit-specific representation of the electric sector, as well as a representation of all other sectors 
of the economy and households. It as.sesses, on an integrated basis, the effects of major policies 
on individual sectors as well as the overall economy. It has substantial detail for all of the 
energy sources used by the economy, with separate sectors for coal production, crude oil 
extraction, electricity generation, refined petroleum products, and natural gas production. The 
model performs its analysis with regional detail. As discussed above, this particular analysis 
uses state-specific cost inputs, and NcwERA has been run to assess economic impacts for each 
state. Appendix A of the July 2014 report provides a detailed description of the NewERA model. 

The macroeconomic analysis requires a baseline that projects economic outcomes in the absence 
of the incremental spending to attain the tighter ozone NAAQS. For this study, NjwERA’s 
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baseiine conditions were calibrated to reflect projections developed by Federal government 
agencies, notably the Energy Information Administration (EIA) as defined in its Annual Energy 
Outlook 2014 {AEG 201.4) Reference case. This baseline includes the effects of environmental 
regulations that have already been promulgated as well as other factors that lead to changes over 
lime in the U.S. economy and the various sectors. Our baseline does not include the effects of 
proposed regulations, such as the Clean Power Plan (CPP), although we do include power sector 
closures as an available way to attain the TsAAQS, to the extent that we find such closures to be 
cost-effective elements of each state’s control strategy. 

The July 2014 report and appendices provide details on the various aspects of our methodology, 
subject to the changes noted above. Although this Executive Summary report describes results 
for the United Stales as a whole and disaggregated to 1 1 regions,^ the inputs and the results arc 
built up using detailed stale-specific and sector-specific cost information. The costs and impacts 
of a more stringent ozone standard differ substantially among states. 

Summary of National Results 

Emission Reductions Required to Achieve a 65 ppb Ozone Standard 

As Figure S-1 illustrates, national NOx emissions have already been reduced substantially, from 
about 25.2 million tons in 1990 to 12.9 million tons in 2013 {EPA 2014b). EPA currently 
projects that U.S. NOx emissions will be further reduced by existing rules and regulations to 8.2 
million tons by 2025 (supplemented with NewERA’s projected baseline ECU emissions, which 
does not include the proposed CPP). Those additional emissions reductions between 2013 and 
2025 will involve costs beyond the compliance costs estimated in this study. Economic activity 
(as measured by real GDP) in 2025 is projected to be more than double the level in 1 990 (CEA 
2014, Table B~3 and 0MB 2013, Table 2), suggesting that U.S. NOx sources will have been 
controlled by more than 80% by 2025, without the additional controls needed to attain a tighter 
ozone NAAQS. 


EP.A’s inclusion of the CPP in its baseline was inconsistent with its standard practice of only including 
promulgated regulations. This deviation from standard procedure seems particularly unjustified given the enormous 
uncertainty in what carbon limits may actually be applied and how stales would comply, and hence what NO>; 
emis.sion reductions might actually occur as a result of this carbon regulation, 

^ *‘U.S.” results are. formally, only for the lower 48 states, and exclude Alaska and Hawaii, as well as Washington 
DC. We refer to the lower 48 states as ‘'U.S.’' hereafter. 
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Figure S-1: U.S. NOx Emissions to Attain 65 ppb NAAQS Compared to Historical NOx 


30.000 

25.000 

§20,000 

•0 

1 15,000 

3 

O 

5 10,000 

vs 

.1 5-000 

VS 

J 0 


c 

z 



Notes: Blue solid line: Estimated historical emissions. 

Blue dotted line: Projected further declines through 2018 and 2025 (linear interpolation). 

Red line: Emissions to attain 65 ppb on attainment schedule, with states not requiring reductions for 65 
ppb held constant after 2025. 

The slight increase in U.S, NOx emissions from 2001 to 2002 primarily reflects changes in EPA’s 
emission modeling methodology for onroad and nonroad sources (switching from MOB1LE6 to the 
National Mobile Inventory Model and MOVES) 

Source: NERA calculations as explained in text 


Based on the EPA information, total U.S. NOx emissions would have to be reduced to about 6.2 
million tons by 2022 and 5.6 million tons by 2036 to meet a 65 ppb standard throughout the 
nation. This reduction appears as the red line above in Figure S-1, which also shows our 
prognosis of the timing of those reductions, based on our estimates of the likely severity 
classifications of the different states.^ 

Figure S-2 shows our estimates of emissions and emission reductions for the 34 states that would 
not attain a 65 ppb under baseline conditions. Despite the extensive controls already expected to 


Nonattainment areas are given different classifications — marginal, moderate, serious, severe or extreme — 
depending on how far out of attainment they are with the NAAQS at the time that designations mu.st be made, two 
years after promulgation. 
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occur in the future, we estimate that about 2.6 million additional tons (in aggregate) would need 
to be eliminated by 2022 and an additional 300,000 tons would need to be eliminated by 2036 in 
order for those states to come into attainment on schedule. This is equivalent to roughly another 
25% reduction from the reduction estimated solely based on those states’ 2025 NOx emissions. 

It implies almost a 90% total reduction from all sizes and types of NOx-emitting sources from 
the relatively uncontrolled emissions rates in 1990 (after adjusting for growth). 


Figure S-2: NOx Emissions and Categories of NOx Reductions to Attain 65 ppb NAAQS (for 34 
Non-Attaining States Only) 

12.0 



201 1 Base Case NERA Base RPA "Known" "Unknown" Compliance 
Emissions Case Controls Controls Emissions 


Reductions* 


Note: Emissions and reductions include only states requiring emission reductions for compliance with a new 
ozone NAAQS of 65 ppb in this analysis. 

*The NERA Base Case reflects 2022 conditions in each state requiring reductions, with two exceptions: 
The Base Case for UT and CA reflect conditions in 203 1 and 2036, respectively, based on higher likely 
severity classifications in those two states. 

Source: NERA calculations as explained in text 


Figure S-3 shows the mix of emission reductions needed across 34 states that EPA projects will 
face compliance costs to achieve a 65 ppb ozone standard, including our estimates of the 
allocation of "unknown controls” to individual source categories. The dark green shows EPA’s 
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"known controls” and the light green shows NERA’s evidence-based assumptions regarding 
where ^‘unknown controls” will likely come from.^ The remaining sum (shown in the blue bars) 
is 3.7 million tons — the aggregate limit for those 34 states to achieve attainment in all the states 
projected to be in nonattainment under baseline conditions. This 3.7 million ton aggregate limit 
needs to be met by the attainment deadlines, which we assume to be 2022 for all states except 
California and Utah, which are assumed to have much later attainment dates.* 

As noted above, NERA’s estimates of what the "unknown” controls will comprise includes deep 
cuts in the EGU sector, where emissions are concentrated in a few sources and costs per ton are 
thus lower than for the many smaller sources among the non-point source categories (/.e., area, 
onroad mobile and nonroad mobile). NERA estimates that the remaining “unknown” controls 
outside of the EGU sector will involve much .smaller incremental percentage reductions than 
from EGUs, because these will require programs such as scrapping a portion of vehicles and 
other small sources. These controls are also projected to come at a substantially higher cost per 
ton than the EGU controls — even though we assume that the small-source scrapping programs 
will only target the oldest, highest-emitting of each type of NOx-emitting equipment.^ 


’ This figure doe.s not show the amount of EGU controls (mostly from installation of SCRs) that EPA has identified 
as “known” control in that sector because our analysis shows that one of the most cost-effective forms of control 
that EPA lias called “unknown” will be to close those EGUs instead. Thus, we a.ssume that the SCRs in EPA‘s list 
of “known” controls will not actually be installed, and replace their reductions with the much larger reductions tliat 
would come from EGU closures that are cost-effective for meeting a 6.^ ppb NAAQS (which appear as the light 
green area on the EGU bar). 

^ States that will be classified as marginal nonattainmenl in 2017 will face a 2020 attainment date, or will be re- 
designated as moderate, and then mu.st be in attainment by 2023. Our analysis suggests that some of the marginal 
.states may reach attainment by 2020 without incremental controls other than the baseline reductions, and they face 
no compliance cost in our analysis. We have assumed that marginal states that would not attain by 2020 under 
their baseline forecast will not undertake early costly action to avoid reclassification as moderate, and will attain by 
the moderate attainment date along with states that will have been classified as moderate in 2017. 

For example, our estimates of costs and tons removed by scrappage of light-duty cars is limited to vehicles still on 
the road in 2022 that are of a pre-2008 model year {i.e., pre-Tier 2 vehicles). We estimate that those older vintages 
of cars will account for about 40% of projected light-duty vehicle emissions in 2022. 
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Figure S-3: NERA Analysis's Allocation of Additional Reductions Necessary to Attain a 65 ppb 
NAAQS to Categories of Emissions Sources in the 34 Non-Attaining States 
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Source; NERA calculations as explained in text 


Compliance Costs to Achieve a 65 ppb Ozone Standard 

We estimate that the potential costs of achieving a 65 ppb ozone standard could have a present 
value of almost $1.1 trillion as of 2014 (based upon costs incurred from 2017 through 2040), not 
including any costs for forcing a massive cutback in generation from coal-fired EGUs to reduce 
NOx emissions from the power sector (whose costs are endogenously determined in the 
economic impact model). These costs are reported in Figure S-4. As a rough point of 

Although the precise costs of the EGU closures is determined in the model, we used preliminary model runs to 
identify which closures would be as or more cost-effective than other unknown controls in our analysis. Based on 
this exercise, we estimate that the majority of the NOx emission reductions associated with the EGU closures cost 
an average of about $ 1 6,000 per ton, and range well above $30,000 per ton in some states. The result of the 
constraints that we applied was 34 GW of outright unit retirements, but a substantial number of additional GW of 
coal-fired capacity is left on-line but no longer generates in the model. This means that more than 34 GW is 
effectively closed down in our analysis. 
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comparison, we estimate that EPA's annualized cost estimate implies a present value of about 
$167 billion.^’ The primary difference in our methodologies is the extrapolation method used to 
estimate the cost of ‘‘unknown” controls; we attempted to assess the kinds of controls that would 
be required after “known” controls and based our method on the estimated costs per ton of one 
such control (vehicle scrappage), whereas EPA relied on an arbitrary constant value. 

Figure S-4: Potential U.S. Compliance Spending Costs for 65 ppb Ozone Standard 


Present Value (Billions of 20 1 4$) 

Cumulative 

Capital O&M Total 

Compliance Costs $430 $630 $1,050 

Coal 

Retirements 

34 GW 


Notes; Total is not equal to the sum of capital and O&M due to independent rounding. Present value is Irom 
2017 through 2040, discounted to 2014 at a 5% real discount rale. 

Cumulative coal retirements are incremental to baseline. These retirements are primarily due to assumed 
emission control measures but may also include indirect electric sector impacts of the ozone standards. 
This number is understated because it reflects only those plants that the model literally closes, while 
substantial additional GW of coal unit capacity is not reported by the model as “retired” but nevertheless 
is forced into a position of near-zero utilization. 

Source: NERA calculations as explained in text 


Allocating the estimated capital costs to spending in years prior to each state's projected 
compliance deadline, and allocating O&M costs to years after the respective compliance 
deadlines, Figure S-5 shows the pattern of annual compliance spending across all states (except 
for the endogenously-determined costs of coal unit retirements.) 


This estimate assume.s that EPA's total annualized cost estimate of S17 billion (including California) is incurred 
over a period of 20 years; that these 20 years begin in 2020, except in California where they begin in 2030; that 
these annual costs are converted to a present value in 2014 using a real annual discount rate of 5%; and that the 
present value is converted from 201 1 dollars to 2014 dollars. Note that there are many differences in the EPA and 
NER,A calculations so this estimate can only be viewed as providing a rough comparison. 
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Figure S-5: Potential Annual U.S. Compliance Spending Costs for 65 ppb Ozone Standard 

S140 : 

i '$]20 



2017 2020 2023 2026 2029 2032 2035 2038 


Notes: Figure does not include compliance costs associated control measures in the electric power sector 
(scrappage of coal-fired power plants), which arc modeled in N,,,^ERA. 

Source: NERA calculations as explained in text 


Potential Impacts on the U.S. Economy and U.S. Households 

The potential costs we estimated for a 65 ppb ozone standard are projected to have substantial 
impacts on the U.S, economy and U.S, households. Figure S-6 shows the potential 
macroeconomic effects as measured by GDP and U.S. household consumption. The 65 ppb 
ozone standard is projected to reduce GDP from the baseline levels by about $1.7 trillion on a 
present value basis from 2017 to 2040 (as of 2014, and in 2014 dollars) and by $140 billion per 
year on a levelized average basis over that period {i.e., when spread evenly over years but 
retaining the same present value). Average annual household consumption over those same 
years could be reduced by an average of about $830 per household per year. 


Figure S-6: Potential Impacts of 65 ppb Ozone Standard on U.S. Gross Domestic Product and 
Household Consumption 



Annualized 

Present Value 

GDP Loss (Billions of2014$) 

$ 140/year 

$1,720 

Consumption Loss per Household (2014$) 

$830/year 

N/A 


Notes: Present value is from 2017 through 2040, discounted at a 5% real discount rate. Consumption per 
household is an annualized (or levelized) value calculated using a 5% real discount rate. 

Source: NERA calculations as explained in texl 
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P'igure S-7 focuses ou several dimensions of projected impacts on income from labor ("worker 
income”) as a result of the 65 ppb ozone standard. Relative to baseline levels, real wages decline 
by about 0.6% on average over the period and labor income decline.s by about 0.9% on average, 
resulting in Job-equivalent losses that average about 1.4 million job-equivalents. (.lob- 
equivalents are defined as the change in labor income divided by the annual baseline income for 
the average job (see Figure S-7)). A loss of one job-equivalent does not necessarily mean one 
less employed person — it may he manifested as a combination of fewer people working and less 
income per worker. However, this measure allows us to express employment-related impacts in 
terms of an equivalent number of employees earning the average prevailing wage. These are 
the ml effects on labor and include the positive benefits of increased labor demand in sectors 
providing pollution control equipment and technologies. 

Figure S-7: Potential Impacts of 65 ppb Ozone Standard on Labor 


Avg. 

Baseline Annual .lob-F,quivalents (millions) 1,56 

65 ppb Case: 

Real Wage Rate (% Change from Baseline) -0.6% 

Change in Labor Income (% Change from Baseline) -0.9% 

Job-Equivalents (Change from Baseline, millions) -1.4 


Notes: Average (Avg.) i.s the simple average over 2017-2040. "Job-equivalents'’ is defined as total labor 

income change divided by the average annual income per job. This measure does not represent a 
projection of numbers of workers that may need to change jobs and/or be unemployed, as some 
or all of the loss could be spread across workers who remain employed 
,Source; NERA calculations as explained in text 


Potential Effects on US. Energy Prices 

Emissions reduction coiit.s of a 65 ppb ozone standard also is likely to have impacts on U.S. 
energy sectors, largely because the more stringent ozone standard is projected to lead to the 
premature retirement of many additional coal-fired power plants. Figure S-8 shows average 
energy price projections under the ba.seline and the 65 ppb ozone standard. The average 
delivered residential electricity price is projected to increase by an average of 1 .7% over the 
period from 2017 through 2040 relative to w'hat they could otherw ise be in each year (which is 


The N,,„.ERA model, like many other similar economic models, does not develop projections of unemployment 
rates or layoffs associated with reductions in labor income. Modeling such largely transitional phenomena requires 
a different type of modeling methodology; our methodology considers only the long-run, equilibrium impact 
levels. 
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projected to be rising even without a tighter ozone NAAQS). Henry Hub natural gas prices are 
projected to increase by an average of 3.7% in the .same time period (again, relative to what they 
could otherw'ise be in each future year), while delivered residential natural gas prices could 
increase by an average of 3.7%. Part of the increase in delivered natural gas prices reflects the 
increase in pipeline costs due to control costs for reductions in NOx emissions in the pipeline 
system that could be recovered through tariff rates. 

Figure S-S: Potential Impacts of a 65 ppb Ostone Standard on Energy Prices Relative to Their 
Projected Levels in Each Future Year 




Avg. 

Baseline 

Avg. 65 
ppb 
Case 

Change 

% 

Change 

Henry Hub Natural Gas 

$/MMBtu 

$6,22 

$6.47 

.$0.25 

3.7% 

Natural Gas Delivered (Residential) 

$/MMBtu 

$14.23 

$14.76 

$0.53 

3.7% 

Natural Gas Delivered (Industrial) 

$/MMBtu 

$8.71 

$9.27 

$0,55 

6.3% 

Gasoline 

.S/gallon 

$3.68 

$3.69 

,$0.01 

0.3% 

Electricity (Residential) 

0/lcWh 

14.9# 

15.2d 

0.20 

1.7% 

Electricity (Industrial) 

(!/kWli 

9.7)i 

10.00 

0.30 

2.8% 


Notes: Average is the simple average over 20 17-2040. The Baseline reflects expected growth in prices over 

the analysis period as predicted by thejnnua/ Energy Outlook 201 4. Figures in 2014$. 

Source: NERA calculations as explained in text 


Potential Effects on U.S. Sectors anti Regions 

All sectors of the economy would be affected by a 65 ppb ozone standard, both directly through 
increased emissions control costs and indirectly through impacts on affected entities’ customers 
and/or suppliers. There are noticeable differences across sectors, however. Figure S-9 and 
Figure S-10 show the estimated change.s in output for the non-energy and energy sectors of the 
economy, respectively, due to the emissions reduction costs of a 65 ppb ozone standard. 
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Figure S-9: Potential Impacts of 65 ppb Ozone Standard on Output of Non-Energy Sectors 
(Percentage Changes from Baseline) 



Agriculture 

Commercial/ 

Manufacturing 

Commercial 

Commercial 


Services 

Transportation 

Trucking 

Average 

(2017-2040) 

-0.9% 

-0.4% 

-0.3% 

-0.9% 

-0.5% 


Note; Values are the simple average of percentage change over 201 7-2040. 
Source: NERA calculations as explained in text 


Figure S-10: Potential Impacts of a 65 ppb Ozone Standard on Output of Energy Sectors 
(Percentage Changes from Baseline) 



Coal 

Natural Gas 

Crude Otl/Refming 

Electricity 

Average 

(2017-2040) 

-28% 

3,9% 

-0.8% 

-1.5% 


Note: Values are the simple aventge of percentage change over 2017-2040. 

Source: NERA calculations as explained in text 


Figure S-l 1 shows the estimated average annual change in consumption per household for 
individual NewHRA regions. A region's attainment costs and its sectoral output mix determine to 
a large extent whether a region fares better or worse than the U.S. average, but all regions could 
experience lower household consumption. 
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Figure S-11: Fotentiai Impacts of a 65 ppb Ozone Standard on Annual Consumption per 
Household by Region 


Region 

2014$ 

Arizona and Mountain Slates 

-$690 

California 

-$790 

Florida 

-$250 

Mid-America 

-$770 

Mid-Atlantic 

-$1,370 

Mississippi Valley 

-$640 

New York/New England 

-$1,530 

Pacific Northwest 

-$310 

Southeast 

-$620 

Fexas, Oklahoma, Louisiana 

-$1,290 

Upper Midwest 

-$490 

u.s. 

-S830 


Notes: Va!ues are the levelized average over 2017-2040, annualized using a 5% real discount rate. 

Maps of N^,v,.ERA regions are provided in the report body and Appendix A. 

Source: NERA calculations as explained in text 
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Statement of the American Chemisti’y Council on EPA’s Proposed Ozone NAAQS 
House Committee on Science, Space and Technology Hearing 
“Reality Check: The Impact and Achievability of EPA’s Proposed Ozone Standards” 

March 17,2015 


Thank you, Chairman Smith, for holding such a critical hearing today, focusing on the impact 
and achievability of EPA's proposed ozone standards. The American Chemistry Council (ACC) 
is pleased to offer this statement at the hearing. ACC^ represents the leading companies engaged 
in the business of chemistry. We apply the science of chemistry to create innovative products and 
services that make people's lives better, healthier, and safer. The U.S. chemical industiy is a key 
element of the economy, providing 793,000 skilled, good-paying jobs across the country. We are 
among the nation's largest exporters and investors in research and development. Our advanced 
materials and technologies include many that help save energy and reduce greenhouse gas 
emissions. 


ACC is opposed to EPA’s proposal to lower the ozone National Ambient Air Quality Standard 
(NAAQS). 


EPA Administrator Has Discretion to Set the Standard 

In setting the 2008 ozone standard. EPA Administrator Stephen Johnson said CASAC’s 
recommendation appeared to be based on “a mixture of scientific and policy considerations,” 
noting that he was “in general agreement with CASAC’s views concerning the interpretation of 
the scientific evidence. The Administrator also note[d] that there is no bright line clearly 
directing the choice of level and the choice of what is appropriate is clearly a public health 
policy judgment entrusted to the Administrator.'’'^ Given the discretion afforded him under the 
Clean Air Act, Administrator Johnson set the standard at 0.075 ppm. 


^ ACC members apply the science of chemistry to make innovative products and services that make people's lives 
better, healthier and safer. ACC is committed to improved environmental, health and safety performance through 
Responsible Care®, common sense advocacy designed to address major public policy issues, and health and 
environmental research and product testing. The business of chemistry is an $812 billion enterprise and a key 
element of the nation's economy. !l is the nation's largest exporter, accounting for twelve percent of all U.S. exports. 
Chemistry companies are among the largest investors in research and development. Safety and security have always 
been primary concerns of ACC members, and they have intensified their efforts, working closely with government 
agencies to improve security and to defend against any threat to the nation’s critical infrastructure. 

" pp. 16482-83. Federal Register Volume 73. Number 60, March 27, 2008, National Ambient Air QuaUty Standards 
for Ozone. Final Rule, emphasis added 
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The Health Science Evidence Does Not Support Lowering the Standard 

ACC believes in appropriately peer-reviewed sound science. We do not believe the scientific 
evidence supports a lowering of the standard. EPA’s existing ozone standard of 0.075 ppm, 
through a series of significant emission control programs, will continue to provide ample 
protection of public health. Moreover, there are numerous questions about the science being used 
to justify a lower standard: Some recent health studies contain inconsistent or conflicting 
findings, while others are re-analyses of previous studies that rely on outdated information. 

U.S. Air Quality Continues to Improve 

The nation’s air quality has significantly improved and continues to improve with new voluntary 
and regulatory programs already in place or being implemented. According to EPA, total 
emissions of the six principal criteria air pollutants fell by 62 percent between 1980 and 2013. 

Voluntary and regulatory emission reduction programs will continue to yield benefits for decades 
to come. Over the next twenty years, cleaner fuel rules and utility regulations are expected to 
produce large air quality improvements. Current emission reduction programs will continue to 
reduce ozone concentrations through 2030. 

ACC Member Company Contributions to Cleaner Air 

ACC members understand and value the importance of clean air, and we support protecting 
public health and the environment. Our commitment is reflected in our significant and continued 
progress in reducing emissions. Since 1990, ACC member companies and the broader business 
of chemistry have reduced nitrogen oxides by 70%, sulfur dioxide by 58%, volatile organic 
compounds by 87% and fine particulate emissions by 65%. These results are due to a 
combination of voluntary member company initiatives, such as Responsible Care®, and 
regulatory programs. 

ACC member companies make a wdde range of solutions, such as plastics and insulation 
products, which help save energy in vehicles, homes, and businesses. The energy savings result 
in lower emissions of greenhouse gases and ozone precursors such as NOx- 

A Lower Standard Could Stall Manufacturing Growth 

The shale gas revolution is driving a historic expansion in American chemistry. More than $ 1 37 
billion in new chemical industry investment is planned or underway, thanks to plentiful and 
affordable supplies of natural gas and natural gas liquids. Fully 60 percent is foreign direct 
investment. The 225 projects ~ new plants, expansions, and factory restarts — could create and 
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support nearly 700,000 jobs by 2023. They will also generate increased GDP, tax revenue, and 
access to innovative new products. 

A lower ozone standard could impede manufacturing growth in many areas of the country. On 
November 26, 2014, EPA proposed a more stringent standard of between 0.065 and 0.070 ppm. 

Much of the U.S. will be unable to meet a lower NAAQS. Manufacturing growth could slow or 
stop in states that find themselves in non-compliance, since facilities located in “nonattainment” 
areas face burdensome and extensive regulatory requirements. These rules make investment 
projects far more costly and complex. 

To safeguard the significant planned investment in chemical manufacturing in the United States, 
and to ensure that the industry can create the jobs and products that foster economic growth, we 
need regulatory policies that do not impose unnecessary barriers to growth in our sector. EPA's 
anticipated proposal to lower the ozone NAAQS will impose significant burdens and hurdles on 
new investment. 

Communities and Industry in “Nonattainment” Areas Face Significant Challenges 

Currently, 222 counties covering a population of over 120 million people are classified in 
nonattainment with the 0.075 ppm standard. If EPA revises the standard to the lower end of the 
proposed range, we estimate that more than 2000 counties - urban and rural - would be in 
nonattainment, based on the 201 1-2013 design values and modeling. 

Communities designated “nonattainment” have a hard time attracting and retaining industry and 
sustaining eeonomic activity and growth. Industry located in a nonattainment area face increased 
operating costs, permitting delays, and restrictions on building or expanding facilities. These 
challenges increase the “time to market” for innovative new products. 

New facilities and expansions in nonattainment areas cannot proceed until emissions are offset. 

Offsets are not always readily available, and increase in price as they become scarce. For 
example, offset prices in the Houston-Galveston-Brazoria nonattainment area are more than 
$200, 000/ton for NOx and $300.()00/ton for VOC. Offset prices in southern California 
nonattainment areas are approaching $ 125,000/ton of NOx. 

Even facilities that are not expanding can experience the burdens of operating in a nonattainment 
area. For example, in the Houston area, which is in nonattainment with the current standard, 
existing facilities are subject to additional controls under the Highly Reactive VOC (HRVOC) 
rule. Combustion units, such as boilers and ethylene crackers, must install costly SCRs and low- 
NOx burners. They may also lose federal highway and transit funding, as federal projects must 
conform with State Implementation Plans (SIPs) in order to proceed. Furthermore, facilities 

americanchemistry.com® 700 Second St., NE i Washington, DC 20002 1 (202) 249.7000 1||^ 
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located in counties designated as in ‘‘severe” or “extreme” nonattainment will face significant 
Section 1 85 fees for emissions in their area, even though many of these facilities have already 
spent many millions of dollars to reduce emissions, 

A Better Path Forward 

The current ozone standard of 0.075 ppm is the most stringent ever and has not been fully 
implemented across the United States. EPA and states should focus on fully implementing and 
attaining the existing standard before contemplating a lower standard — an approach that will 
continue to provide necessary health protection. As the science develops further, EPA will have 
the opportunity to determine whether any additional actions might be warranted in the future. 
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March 16, 2015 

The Honorable Gina McCarthy 
Administrator 

U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, N.W. 

Washington, D.C. 20460 

Dear Administrator McCarthy, 

In the four decades since the Clean Air Act was signed into law, our states have 
driven unprecedented improvements in air quality. We have done so while adhering to the 
core principle that meaningful environmental measures can and must coexist with free 
market policies that promote job growth and economic freedom. Your agency’s new 
proposed change to the National Ambient Air Quality Standard (NAAQS) for ground-level 
ozone jettisons these free market policies in favor of an onerous, job-crushing standard. As 
chief protectors of our .states’ economies, we oppose this proposed change to the NAAQS for 
ground-level ozone. 

The proposed NjAAQS is so extreme that even some of our pristine national parks 
may not be able to satisfy it. It goes without saying that most cities and counties have no 
chance of attaining this standard. Indeed, many areas of our states have background levels 
of ozone at or near the levels you are proposing. According to an estimate by the 
Congressional Research Service, EPA’s power-grab could plunge anywhere from 76% to 
96% of the counties currently monitored for ozone into nonattainment. 
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Nonattainment ivS an economic penalty box so severe that needed economic growth is 
stunted. In nonattainment areas, any growth is predicated on sucoessfuiiy navigating a 
bureaucratic maze of federal and state regulators. New development resulting in any new 
ozone emissions in the area must be offset with emission reductions elsewhere — turning 
economic development into a zero-sum game. Some businesses will be forced to employ 
costly control measures. Some will likely scrap existing facilities and equipment altogether. 
The end result, of course, is that the costs will be passed on to hard-working Americans. 
Millions of x\mericans could be affected in a much more direct and devastating way- it is 
estimated that the proposed standard could cost the equivalent of 1.4 million jobs annually. 

Nonattainment also jeopardizes needed transportation infrastructure projects. 

Roads that would add desperately needed capacity in nonattainment areas would be subject 
to review by multiple federal agencies — despite the fact that many of these projects may 
actually reduce ozone emissions by relieving congestion. This additional level of oversight 
is sure to both delay needed transportation projects and make them more expensive — if not 
thwart them altogether. It’s no wonder many are calling this “the most expensive 
regulation ever.” 

All of this says nothing of the dozens of massive new regulations put in place or 
proposed by your agency over the past several years' regulations like the Mercury and Air 
Toxics Standards, the Boiler MACT, fuel economy standards for cars and trucks, regional 
haze rules, the Cross-State Air Pollution Rule. Tier 3 tailpipe emissions standards, and of 
course the Clean Power Plan. Taken together, these regulations impose billions of dollars in 
new costs on our states and our citizens. Moreover, these regulations collectively work to 
lower ozone emissions already. Piling on the additional burden and expense of a lower 
ozone standard simply isn’t necessary. In fact, many of our states ha ve seen a dramatic 
decrease in ozone levels over the past decade under the current, more flexible standard. 

Our states’ resources are not infinite. At a time when we should be focusing on 
growing the economy and creating jobs, the EPA is imposing a steady stream of complex, 
expensive new regulations that require an army of policy and technical experts and lawyers 
to decipher, respond to, and ultimately implement. The proposed NAAQS for ozone is the 
most onerous and expensive yet. We ask you to instead keep the current standard of 75 
parts per billion (ppb) in place. 

Sincerely, 

Governor Asa Hutchinson Governor Natlian Deal Governor C.L. ‘‘Butcli” Otter 

Arkansas Georgia Idaho 
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Governor Michael R. Pence Governor Bobby Jindal Governor Paul R. LePage 

Indiana Louisiana Maine 



Governor Phil Br\^ant Governor Mary Fallin 

Mississippi Oklahoma 






(Governor Nikki Haley 
Sotith Carolina 


Governor Greg Abbott Governor Scott Walker 

Texas Wisconsin 
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Neighborhood poverty, urban residence, race/ethnicity, and 
asthma: Rethinking the inner-city asthma epidemic 

Corinne A. Keet, MD, PhD," Meredrth C. McCormack, MD,^’ Craig E. Pollack, MD, MHS.' Roger D. Peng, PhO,** 

Emily McGowan, MD,®'* and Elizabeth C. Matsui, MD, MRS® Baltimore. Md 


Background: Although it is ttiought that inner-city areas have a 
high burden of aslhma, the prevalence of a^hina in inner cities 
across the United States is not known. 

Objective: We sought to estimate the prevalence of current 
asthma in US children living in inner-city and non— inner-city 
areas and to examine whether urban residence, poverty, or race/ 
ethnicity' are the main drivers of asthma disparities. 

Methods: The National Health Interview Survey 2009-201 1 was 
linked by census tract to data from the US Census and the 
National Center for Health Statistics. Multivariate logistic 
regression models adjusted for sex; age; race/ethnicity; 
residence in an urban, suburban, medium metro, or small 
metro/rural area; poverty; and birth outside the United States, 
with current asthma and asthma morbidity as outcome 
variables. Inner-city areas were defined as urban areas with 
20% or more of households at below the poverty line. 

Results: We included 23,065 children living in 5.853 census tracts. 
The prevalence of current asthma was 12.9% in inner-city and 
10.6% in non-Inner-cIty areas, but this difference was not 
significant after adjusting for race/etiinicity, region, age, and sex In 
fully adju-sted models black race, Puerto Rican ethnicity, and lower 
hou.schold income but not residence in poor or urban areas were 
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independent risk factors for current asthma. Household poverty 
increased the risk of asthma among noD'Hi.sinnic.s and Puerto 
Ricans but not among other Hispanicji. AssodatHuis with asthma 
morbidity were very similar to those wifli prevalent asthma. 
Conc!usion.s: Althouf^ the prevalence of asthma is high in some 
inner-city area.s, tliis Is largely explained by demographic 
factors and not hy living in an urban neighborhood, fj Allergy 
Clin Immunol 20 

fCty H'ordv: Inner-city asthma, childhood asthma, urhati/mral. 
neighborhood, race/ethnicily 

The idea that eemin featiues of life in poor urban areas promote 
asthma dates back to more than a half century ago, when 
researchers began to describe an ’‘inner-city aahnia epidemic” 
of high asthma prevalence and morbidity in poor areas of large 
cities. Reseai'ch fixusing on the inner city, w'hich wa.s typically 
defined a.s censu.s fract.s in large metro center areas with at least 
20%ofhousehDld.s at below the poverty linc,“ has led to significant 
advances in our understanding of what causes asthma and how to 
treat it,'*'' but the prevalence of asthma in inner-city areas across the 
United States is not knowm nor is it known how it compares with 
prevalence in other type.s of communidcs. Studies of asthma prev- 
alence in the inner city have generally focused on individual urban 
communities and have not separated demographic features of 
inner-city areas from their metropolitan status.^'' Nationally 
repr&sentative studies have also had several limitations, including 
the fact that much of the work on the relative contribution of 
metropolitan status to asthma disparities overall wa,s done decades 
ago, used measures of metropolitan status fhal are not consistent 
with National Instiluies of Health definitions of the inner city, 
aiTd lai'e-ty looked at the independent contribution.s of poverty, 
metropolitan .status, and race/eihnidty.'^'* Despite our signifi- 
cant and ongoing national commitment to combating inner-city 
asthma, we do not actually know the prevalence of asthma in inner 
cities across the United States, whether it is in fact greater than that 
found in other arca.s, and, if there are differences, whether race/ 
ethnicity, poverty, or residence in an urban area explain them. 

Thus our primary objectives were to (1) estimate childhood 
asthma prevalence for inner-city and iwiv-inner-city areas in the 
United States and (2) disentangle the effects of urban residence, 
neighborhood-level poverty, race/ethnicity, and household 
poverty on astlima prevalence. Understanding whether asthma 
disparities .seen in various geographic areas are primarily a result 
of environmental exposures concentrated in the inner city or are 
instead related to scxiiodemographic features of the inhabitants of 
these ncighhorhootls is key to advancing an efficient and effective 
national research and public health agenda. 

METHODS 

Daia were drawn from Oie National Heallh intendew Survey (NHIS) 2009- 
2011. The NHIS is a survey conducictl annually by the National Center for 
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Ahhn'vuiiions used 

CDC: Centers for Disease Control and Prevention 
NCHS; National Center for Health Statistics 
NTIIS: National Health Interview Survey 
OR; Odds ratio 


Health Statistics (NCHS). which is part of the Centers for Disease Control and 
Prcveiition (CDC). It has a multislate probability design that covcts all 50 
states and the District of Columbia iuid is intciKled to be rcpreseirtalive of the 
civilian noninstitntionaUzed population living in the United States. Black, 
Asian, and Hispanic popul^inns are ovcrsaniplcd to increase precision of 
estimates in certain subgroups. Data collection is done in person using a 
computer-assisted personti! interviewing mode. The overall response rate for 
the child section of these surveys ranged from 71% to 75%. ''’’ Because 
asthma is not reliably diagnosed in young children, the sample population 
was limited to children aged 6 to 17 years. 

To evaluate the elTect of ^ographic variahies on asthma outcomes, we 
linked paiticipants' census tracts, as classified by the 2000 Cen-sus, to 2 
additional data sets: the 2006 NCHS Urban-Rural Classification Scheme for 
Counties and the 2000 US Census. The 2006 NCHS Urban-Rural Oas-sifica- 
tion scheme divides counties int<i 6 categories based on population density and 
other measures of urbanization: (1) large metro, central; (2) large metro, 
fringe; (3) medium metro; (4) small metro; (5) micntpolitan; and (6) noncew. 
Generally, "lai^e metro, centrar is considered the urban ewe, whereas “large 
metro, fringe" is thought to be equivalent to “suhuiban.''^'' Because there were 
relatively few peopleresiding in small metro, micropoliian, and noncorc areas, 
these categories were combined and classified as small metni/rui'al areas. The 
2000 Census provided the percentage of households living at below the fcdcr- 
sUly defined poverty level in each census tract. This was generally iretited as a 
continuous variable in our analyses, although in some analyses we defined 
inner-city neighborhoods as census tracts located in large metro central areas 
with 20% or more iif households at below the ptiverly tine." Household income 
was defined as household income divided by the federally defined poveny 
level. 

Ever asthma was defined by a yes answ'cr to the followfiiig tjuestioii: “Has a 
doctor or other health professional EVER told you that {name) had asthma?" 
Other questions that defined asthma were as follows; “IXjcs (name) still have 
asthma?." which was iwed for currentasthma. “During the past 1 2 months, has 
I immej had an episode of a.sthma or an asthma attack?," which was ii.sed for an 
a,sthma cpi,«)de. “During the past 1 2 monih.s. did (name) have to visit an emer- 
gency room or urgent care center because of (his/her) asthma?,” which was for 
an asthma emergency department visit. 

Race/ethnicity was by self-report and recoded in the NHIS data in the 
following categories: Hispanic, noii-Hispaiiic white (called "white" here), 
no.n-Hispanic black (called “black" here), non-Hispanic Asian (called 
"A-sian" here), and all other nice/eihnicities. a group comprising less than 
1% of tlve total population. Because it has been previously reported that Puerto 
Rican Hispanics have different asthma risk iltanoi.hcrHispanics.'' we created 
a separate race/ethnicity category for thi)sc‘ of Puerto Rican bt^ritage. Here- 
after. “Hispanic" refers to non-Piieno Rican Hispanics. 

Although multilevel modeling is often used in analyses of the association 
between neighborhoixl factors and tiiscasc. multilevel modeling typically 
requires at least 25 subjects per group (in this case census tract),^ and in this 
analysis there were an average of tmly 4 subjects per ccnsu.s tract. Thus, for this 
analysis, standard survey methods were user! with sample weights and strata 
provided in the survey. This accounts for the contplex survey design, correctly 
adjusts the variances for clustering within a sampling unit, and does n« require 
a minimum number of subjects per group. For analyses of individual-level in- 
come. the CDC provides multiply imputed data for subjects missing income 
data. These data are generated by (he. CDC by using sequential regre^ion 
multivariate imputation implemented with the module IMPUTE with IVE- 
ware {www.isr.uinich.edii/sic/smp/ive)' and were analyzed with the MI ES- 
TIMATE com.mands in Stata, which accounts for the in}(>uiatiou umrertainty 
using the methods of Rubin."" Tltree logistic regression models for prediction 
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of current asthma, asthma episodes, and emergency department visits in the 
past year wwe generaled: ciude bivariate analyses; multivariate models 
adjusted te age. sex, raccyclimicity. region of residence, neighborhood-level 
poverty, and uihan/iural status; and niultivariate models atkliiionally adjusted 
for household income. To determine whether race/ethnicity or metropolitan 
residence modified the relationship between jxiverly and asthma, we also 
investigated interactions between tliese factors and consuuctcd stratified 
models. Model diagnostics included the Pearson gooclne.ss-ol'-fi! test, visual 
examinatioD of the data, and sensitivity analyses excluding very large values. 
Individual- and nci^iborhood-ievel ixivcrty were examined for collinearity. 
and because tlie collinearity was not strong (variance iunarion factor of 
1.2), both variables were included in some models. Because wc identified 
differences in the relafiotiship between current a,sthma and both neighbor- 
hood- and individual-level poverty between Hispanics and non-Hispanics. 
we stratified theseanalyses info (i) Hispanics and (2) all others, including Ihi- 
erto Ricans. Our analyses continued iJiai. children of Puerto Rican heritage 
were more similar to oon-Hispanie p*.>pulations than Hispanics in the relalinn- 
shipbetween asthma and poverty (data not showiv). supporting this method of 
.stratification. Sensitivity analyses of the main model were done, including the 
folh}wingvariables;(l) whether ihechiid had a well-child visit iu the past yetu 
and (2) whether the child had at any point been uninsured in the past year. 
A significance level of .05 was used. All analysc.s were done with Stata 13/ 
SE software (StataCorp. College Station. Tex). Because census tract informa- 
tion is not available in the public NHIS data set, these analyses were conducieti 
at the Research Data Center with approval from the NCHS Research Ethics 
Review Board. Dau collection for the NHIS was approved by the NCHS 
Research Ethics Review Board. 


RESULTS 

Population characteristics 

'I'wenty-threc thousand .sixty-five .subjects aged 6 to 17 years 
living in 5,853 diflercnl census tracts were included in this 
analysis. Because the sample was derived from a (jopulation- 
based .survey and wa.s weighted to reflect the noninstitutionalized 
US population, the demographlCvS of the analytic population 
matched those of children aged 6 to 1 7 years in the United States 
as a whole (Table I). On average, subjects re.sided in censu.s tracts 
in which 12% of households lived at below the poverty line. 
Twenty -eight percent resided in urban cen.su.s tracts, 1 6% resided 
in poor U“<icts (defined as >20% living at below the poverty line), 
and 7% resided in poor uittin tracts (the inner city. Table 1). The 
lifetime asthma prevalence wa.s 16.3%, the current asthma preva- 
lence was 10.7%, 5.9% reported an asthma epistxle, and 1.6% re- 
ported visiting the emergency department for asthnta in the prior 
year. 


Prevalence of asthma in urban poor (inner-citY) and 
other poor areas 

The overall prevalence of current asthma in inner-city neigh- 
borhoods in the United States was 12.9% (95% Cl, 11.1% to 
14.9%) compared with 10.6% (95% Cl, 10.0% to ! 1 .2%) in non- 
inner-city areas (P = .01 ), but this difference was no longer sig- 
nificant after adjusting for racc/ethnicity, region, sex, and age 
(odds ratio |OR], LOf; 95% Cl, 0.84-1.21; P == .90). Approxi- 
mately 8% of asthmatic children are estimated to live in inner- 
city areas compared with 7% of children overall (see Table Kl 
in this article’s Online Repository at www.jacionlinc.org). 'Fife 
prevalence of asthma in inner-city neighborhoods was not 
constant throughout the United States and ranged from 
7.9% (95% Cl, 5.9% to 10.5%) in the West to 17.3% (95% Cl, 
13.2% to 22.4%) in the Northeast (Fig I). In addition, poor 




293 



J ALLERGY CLIN IMMUNOL KEET ET AL 3 

VOLUME B, NUMBER B 


TABLE 1. Demographic characteristics 




Overall 

Poor* urban 
(n = 2A11) 

Nonpoor urban 

In = 5.3831 

Poor nonurban 
(n = 2.337) 

Nonpoor nonurban 
(n = 12,934) 

Characteristic 

No. 



% (95% CIJ 



Race/ethnicitv ^ 

While 

i0.42.‘i 

.57.6 (.56.5-58.7) 

7.2 {5.0-10.3) 

45.3 (42.3-47.8) 

32 3 (28 3.3(,ft) 

7i..3 (70.0-72.6) 

Black 

4.067 

15.2(14.5-16.0) 

36.7(32.9-40:7) 

-16.7(15.0-18.6) . 

• 28.5 (24.9-32.3) 

10.4(9.6-11.2) 

Hispanic inon-Puerto 

6.301 

!9.5 (18.7-20.4) 

48 (44.2-52.0) 

27 (25.0-29.2) 

31 (27.3-35.1) 

12.1 {11.1-13.2) 

Rican) 

F*ueno Rican 

600 

2.) (1. 8-2.3) V 

3.9 (2.9-5.2) 

2.2(l;7-2.8) 

• 3.6(2.6-4.9) 

L6 (1.-3-1.9) 

Asian 

!.464 

45(4.1-4.9) 

3.7 (2.6-5.3) 

8.4 (7.4-9.6) 

1.6 (l.i-2.4) 

3.7 {3.3-4.2) 

Region 

Northeast 

3.475 

16.5(l5.6-!7.4} 

24.2 (20.7-28.1) 

11.2(9.5-13.1) 

9.5 (7.t-t2.5) 

18.5 (17.2-19.8) 

Midwc.sl 

. 4..564. 

24.2 (23.0-25 .3): : 

13 8(11 2-16 7) 

18,5(15.8-21.5) 

13.2 (9,7-17.6) 

28-9 (27.2-30-5) 

South 

7.871 

35.3 (.34.0-36.6) 

24.6 (20.7-29.0) 

30.6 (27.6-33.7) 

51.3 {46.1-.56.5) 

35.7 (.34.0-37.5) 

West 

6,047 

24.0 (22.8-25.2) 

37.5 (32 7-12 J) 

39.8 (36.8-42-8) 

• 26.5 (22.CK30.7) 

17.0(15.4-18.7) 

Born in United States 

Yes 

2! .320 

94.3 (93.9-94.7) 

891(874-90 7) 

. 92(91.0-92.9) 

92.9 (90.8-94.5) . 

95.9 (95.4-96.3) 

No 

L735 

5.7 (5.3-6.1) 

10.9 (9.4-12.6) 

8 (7.2-9.0) 

7.1 {5. 5-9.2) 

4.1 (3.7-4.6) 

Asthma prevalence 

Asthina. lifetime 

.3,9.33 

16.3 (15.7-17.0) 

18.7 (165-21.2) 

15.3 (!4.0-{6.6) 

19.2 (17.1-21.5) 

16 (15.3-16.8) 

Asthma, current 

2,574 

10.7(10.2-11.3) 

I2.9{lhl-14;9) : 

; 10(9.0-11.2) 

12.4 (I0.8-14-.2) 

105 (9.9-n 2) 

Asthma epistxic. 

1.378 

5.9 {5.S-6.3) 

6.5 {5.5-7.7) 

5,6 (4.8-6.5) 

6.1 (4.9-7.6) 

5.9 (5.4-6.4) 

past 12 mo 

ED visil.for asthma. 

408 ,, 

1.6(1.4-1.8) 

3.0(2.2^.0);:: 

1.8 (1.3-2.5) 

2.3 (1.6-3. !)• 

1.3 (1 4-1.8) 

past l.'2.'ino , , , 


KD. Kmwgency tlepai^niem. 

•/’iwr was defuied as 2(1% or inwe of households IMTig hclow the pcts'cny line. 



Status (ftTor Areas} 


RG 1. Asthma prevalence according to metropoliten status artd region 
among children living in poor areas (defined as neighborhoods with ^20% 
of households below the poverty line). 

non-inner-city areas in some regions had prevalence rates 
exceeding those in inner-city areas (Fig 1 and see Table E2 in 
this article's Online Repository at www.jncionline.org). Although 
in crude .stratified analyse,s inner-city areas in the Northeast had 
higher prevalenee rates than non-inner-city iu-ea.s, in stratified 
models adjusted for age. sex, place of birth, and race/ethnicify, 
the prevalence of astlima in inner-city neighborhoods was not 
significantly higher than in non-inner-city areas in any region 
of the United States (data not shown). As shown below, differ- 
ences in asthma prevalence were driven by racial/ethnic and so- 
cioeconomic factors and not urban/rural status. 


Associations with current asthma prevalence 
Race/ethnicity. In unadjusted models current asthina prev- 
alence was significantly higher among blacks (17.1%; 95% Cl, 


15.6% to 18.8%) and Puerto Ricans (19.8%; 95% Cl, 16.6% to 
23.5%) than among white.s (9.6%; 95% Cl, 8.9% to 10,3%), 
Hispanics (8.8%; 95% Cl. 7.8% to 10.0%), and Asians (8.1%; 
95% Cl. 6.5% to 10.0%). Black race and Puerto Rican ethnicity 
remained stmng and independent predictors of current asthma, 
even when neighborhood-level poverty, urban/rural .status, region, 
sex, age. and birth in the United States were included in the model 
and, additionally, in analyses that further adjusted for household 
poverty (Table 11 and see Table B.3 in this article’s Online Repos- 
itory' at ww'w.jacionline.oig). Birth outside the United States was 
a strong and independent protective factor for asthina (Table fl). 

Neighborhood poverty. A 10 percentage point incretise in 
the number of households living below the poverty line (neigh- 
borh(K)d*level poverty) wa.s a.s,sociated with a 1 0% increase in the 
odds of prevalent asthma in crude analyses (OR, 1.10; 95% Cl, 
1.05-1.14; P <.001), although this wa.s no longer .significant in 
adjusted analyses (OR, 1.04; 95% Cl, 0.99-1.10; P = .09). 
Race/ethnicity was found to significantly modify the relationship 
between neighbtirhood-ievel poverty and prevalent asthma {P = 
.004 for the interaction between Hispanic ethnicity and 
neighborhood-level poverty), with neighborhood-level poverty 
as a significant risk factor among non-Hispanics and Puerto Ri- 
cans in adjusted analyses but protective among Hispanics 
(Table 11). Sensitivity analyses, including whether the child 
received well-child care in the past year or was uninsured at 
any point, did not materially change the results of these analyses 
or those of residence in an urban neighborhoixl (data not shown). 

Individual-level household poverty. In unadjusted ana- 
ly.ses a l-unit decrease in the household income to poverty ratio 
was associated with a 7% increase in the odds of prevalent asthma 
(95% Cl, 1.05-1.10; P < .001), wTth similar results in the model 
that adjusted for race/ethnicity, urban/rural status, region, age. 
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TABLE H. Predictors of current asthma 
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H20t4 



Crude 



Adjusted* 



OR 

95% Cl 

Rvalue 

OR 

95% Cl 

P value 

Overall 







Racc/ethnicity 







White 




Reference 



Black 

1.95 

1.70-2.23 

<-001 

1.87 

1.59-2.19 

<.001 

Hi-spinjic . ' 

0.91 

o.784:ot^^^ A 

-.26 

1.02 

0.85-1.23 

,81 

Puerto Rican 

2.33 

1.83-2.95 

<-001 

2.38 

1.82-3.11 

<001 

Asian 

{).K3 

0.6$-3:06 - > : 

A:'.'''''".."':!)' 

i.OI 

0.79-1.30, 

.93 

Urbanization 







Urban 




Reference 



Suburban 

1.03 

0.90-1.19 

.66 

1.14 

0.97-1.33 

.11 

. Medium melro 

0.97 

0.83-1.14 vv:? 

c.''.'-;.'; ' ,72 • 

1.05 

• •0.884.24 

-60, 

Small metro/rural 

1.00 

0.85-1.16 

.95 

1.10 

0.92-1.31 

.30 

Regiori 







Northeast 




RefereiKC 



Midwe,st 

0.93 

: 0.79-iTt^^^3-A- 

..43 

0.98 

• 0.82-1.16 

• .8,1. 

South 

0.87 

0.75-1.01 

.06 

0.85 

0.73-0.99 

.40 

West 

0.77 

0;66-0.9Tv : a ; 

.002 

0.90 

■ 0.76-1.07 • 

. 15 - 

Birth outside the United States 

0..32 

0.23-0.45 

<-001 

0.33 

0.24-0-47 

<001 

Hou-sehold pttvertyt 

1.07 

1:(154io: : : ? 

<,001 




Neighborhood poverty? 

1.10 

1.05-1.14 

<,obi 

1.04 

0.99-1.10 

.09 

Hispanitvs 







Urbanization 







Urban.' 




Reference 



Snhurhan 

1.21 

0.88-1.66 

.24 

1.13 

0,81-1.57 

.48 

Medium niciro 

1.21 

0.85-1.72 

.28 

1.25 

. 0.88-1.78 


Small metro/niral 

1.08 

0.71-1.64 

.72 

Ml 

0.72-1.70 


Household' poverty’! , ' 

0.95 

0.89-1.01 

.09 




Neighborhood poverty? 

0.90 

0,83-0.98 

.02 

0.90 

0.83-0.98 

.02 

Non-Hispanics and Puiutb Ricans 







Urtianization 







•'Uiban ■ 







.Suburban 

0,93 

0.79-1.09 

..37 

M3 

b.9.5-1.36 

.17 


0.88 


■ 15. ..■■■ 

a.v;V'.;:.vuq1;A::':;;.: 

^■/:AA.'0;g3-U2A', 


Small inetro/rtiral 

0.91 

0.76-1.08 

,28 

1,07 

0.88-1.30 

.48 

'■Household 'povertyT 

l.io 

1.07-l;14 

<001 




Neighborhood poverty? 

1.20 

1.14-1.26 

<001 

1.09 

J.02-I.16 

.008 


"Adjusted t'w ugc. sex, racc/ethnicity. region. iicigliborl>onj-level poverty. urhaii/niraJ status, and birth outside the United Sutes. 
tO»c-unit Kicrcit.se in ratio of household income to the poverty line. 

JTcn ptfrcentiigc point increase in hou.sdiold.s living htdow the poverty line. 


sex, and birth in the United State.s (OR, 1,06; 95% Cl. 1.0.V1.09; 
P < ,001). As was the ca.se for neighborhood-level poverty, His- 
panic ethnicity significantly modified the relationship between 
household poverty and prevalent asthma (P = .002). and house- 
hold poverty was a risk factor for asthma among non-Hispanics 
and Puerto Ricans (OR, 1.07; 95% Cl. 1,03-1.10; P < .001) but 
not Hispanics (OR, 1 .00; 95% Cl, 0.94-1.07; P = .94) in adjusted 
analy,ses. 

When both neighborhood- and individual-level poverty were 
included in the model, neighborhood-level poverty was no longer 
a significant predictor of prevalent asthma in the overall or 
stratified models, but individual-level poverty remained an inde- 
pendent predictor overall and among non-Hispanics and Puerto 
Ricans (see Table E3 in this article’s Online Repository at www. 
iacionline.org). 

Residence in an urban neighborhood. There were no 
differences in asthma prevalence in suburban, small-town, and 
rural neighborhoods compared with urban neighborhoods in 
either crude or adjusted ana]y.sevS overall or in analyses stratified 
by Hispanic ethnicity (Table 11). and residence in an urban area 


did not increase the as.sociation between race/ethnicity and 
asthma prevalence (data not shown). Moreover, living in an urban 
environment did not increase the association between 
neighborhor>J-level poverty and asthma prevalence (P = .62). 

Asthma morbidity 

Black race. Puerto Rican ethnicity, and low'er hou.sehold 
income were strong independent risk factors for asthma exacer- 
bation and emergency department visits for asthma (Tables III and 
IV and see Tabic E3). Neighborhood poverty and urban/rural sta- 
tus were not risk factors in adjusted analyses, with the exception 
of a protective effect of residence in small metro/rural areas 
compared with urban areas for emergency department visits in 
fully adjusted models of the overall population and among non- 
Hispanics and Puerto Ricans (see Table E3). 

DISCUSSION 

Although it has long been thought that the prevalence of asthma 
is high among children living in poor urban neighborhoods in the 
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TABLE IH. Predictors of asthma episode 



Crude 



Adjusted* 


OH 

95% Cl 

P value 

OR 

95% Cf 

P value 

Overall 







Race/elhnicity 







■White 



Reference 



Black 

1.71 

1.45-2.01 

<.001 

1.64 

I.36-L97 

<001 

Hispanic 

0.78 

0;654).95 :: 


. 0.84 

0.68-1,05 

.13 

I’ucno Rican 

2.32 

1.67-3.22 

<.001 

2.40 

1.66-3.47 

<001 

A.sian 

0.74 

: V : 

.11 

0.93 

0.63-1.36 

.70 

Urbanizalion 







Urban 



Reference 



Suburban 

1.02 

0.85-1.22 

.83 

1.09 

0-88-1.34 

.43 

Medium metro 

1.02 


'■ .78 

1.09 

0.87-1.3.5 , 

.46 

Small melro/rurat 

0.99 

0.82-1.19 

-89 

1-03 

0.83-1.29 

.77 

Region 







Northeast 



Reference 



Midwest 

l.OI 

0:80-1,^^^^^: 

:.93 

• 1.07 • 

• 0.84-1.37 

-58 

Soufis 

0.99 

0.80-1.2! 

.89 

LOi 

0.82-1.24 

.94 

West 

0.82 

0.6641:02 

,07 

1.00 

. 0.79-1.26. 

,98 

Birth outside the United States 

0.31 

0.20-0.47 

<001 

0.34 

0,22-0.53 

<001 

Household povertyt 


i.()24ii0:: 

.003 




Neighborhood {xiverty:!: 

l.t)6 

1.00-1.11 

.04 

1,02 

0,96-1.09 

.50 

Hjbpanie.s. 







Urbanization 







Urban 



Reference • 



Suburban 

0.95 

0.6.3-1.45 

.82 

0.89 

0.57-1.39 

.61 

metro 

1.26 

0.87-1.84 

■■' ;2l 

1.08 ' 

v'..:0.93rl.95. 

".12 

Sntall mctro/runtl 

0.88 

0.51-1.54 

.66 

0.87 

0.50-1.52 

.63 

Household povertyt' ' 

0,98 

0.92-1.03 

.4 




Neighborhood poveny.:|; 

0.9 

0.79-1.02 

.09 

0,91 

0.80-1.03 

.13 

Nttn-Hispanics and .l\icrto Rieaas. . 







Utbanization 







Urtiair ■■ 



Reference' 



Suburban 

0.94 

0.76-1.15 

.53 

1,12 

0.88-1,42 

.36 


■0.93:' 

0.74-1.17 

' ■.33 




Small metro/mral 

0.91 

0-74-1.13 

-39 

1.05 

0.82-1.15 

.70 

'..■Hdusehbld.'iWVcftyt 

1.09 

1.05-1.14 

<001 




Neighborhood poverty^. 

1.1.5 

1.08-1.23 

<(X)l 

1.05 

0.97-1.13 

,20 


•Adjusted for age. sex. racc/ethni.cily. region. neighlKM-hood-leve! poveny, urban/nira) siatiis. and hinh ituisidc the United Slates. 

tOne-unjt increase in ratio of household income to the poveny line. 

flVn percentage point increase in households living below the poverty line. 


United States, the prevalence of asthma in these neighborhoods 
throughout the United States has. surprisingly, not been 
described. Moreover, the relative contribution of race/ethniciiy 
and household poverty versu.s other contextual neighborhood- 
level factors to asthma disparities related to the inner city remains 
unclear. Here we show that although some inner-city areas have 
high rates of asthma, particularly in the Midwest and Northeast, 
other nonurban poor areas have equal or higher asthma preva- 
lence. Overall, black race, Puerto Rican ethnicity, and poverty 
rather than residence in an urban area;)er.ve are the major risk fac- 
tors for prevalent asthma. These findings suggest that the concept 
of inner-city asthma might need to be refined. 

Original reports heralding the phenomenon of inner-city 
astlmia were based on findtng.s of very high asthma morbidity 
and mortality in several cities, including Baltimore, Chicago, 
and New York City, and further research documented that poor 
neighborhotxls in these cities were particularly affected,'"*^’ ' ®’''* 
These urban areas were also disproportionately home to ethnic 
minorities, particularly non-Hispanic blacks and Puerto Ricans, 
who were known to be at ri.sk for asthma.'* However, early 
research found conflicting re.suks about whether racial/ethnic 


disparities were independent of socioeconomic factors.'^'^* 
Since that time, black race and Puerto Rican ethnicity have 
become clear risk factors for asthma, although how much this 
is due to environmental exposure.s. including urban exposures, 
or (o underlying susceptibility remains unknown. Race is a com- 
plex concept that is informed by genetic, cultural, and historical 
factors, and thus it can be hard to parse genetic from environ- 
mental risk factors. Degree of African ancestry has been associ- 
ated with asthma,'''’' sugge.sting a genetic explanation, 
although it can be difficult to fully account for confounding by 
socioeconomic status, even in genetic analyses, particularly 
because disparities in wealth, educational opportunities, family 
structure, and employment by race/ethnicity are even higher 
than what is represented by income'‘‘ and can correlate with 
ancestry. Here, in a very large and nationally representative 
data set, we found that black race and Puerto Rican ethnicity 
were strong risk factors for prevalent asthma and asthma 
morbidity independent of income, neighborhood-level poverty, 
and residence in an urban setting, but we cannot exclude residual 
confemnding as an explanation for the association between race/ 
ethnicity and asthma. 
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TABLE IV. Predictors of asthma ED visit 




Crude 



Adjusted" 



OR 

95% a 

P value 

OR 

95% Cl 

Rvalue 

Overall 







Race/ethnicifv 







While 




Reference 



Black 

4.07 

3.0^5.46 

<001 

3.4.5 

2-45-4.S7 

<001 

Hispanic 

1.41 

0.98^dl> ^ . L 

-06 

• 1.24 

0,81-1.90 

, .31 

Ptieiio Rican 

5.4! 

3.23-9.04 

<001 

4.48 

2.64-7.58 

<001 

Asian 

Urbanizalion 

0.89 

0:4^I;73::;: 

V •,.74 

0.96 • 

0.48-1.92 . 

.90 

Urtian 




Reference 



Suburban 

0.61 

0.41-0.89 

.01 

0.75 

0.47-1.18 

.21 

Medium metro 

0.88 

V; 0.60-1.29^^- 


• 1.06 

. 0:70-1.58 

.79 

Small metro/niral 

0.51 

0.35-0.74 

<001 

0.66 

0.43-1.02 

.06 

Region 







Northeast 




Reference 



Midwest 

0.74 

0.49-1,12 

.16 

0.89 

0.6l)-l-.32- 

:;.56 

South 

0.82 

0.58-1.16 

.25 

0,82 

0.58-1.16 

,25 

West 

0.66 

0.4,3-i:06 : 

.049 

0.80- 

• 0.51-1.24 , 


Birth outside the United States 

0.36 

0.19-0.66 

.001 

0,38 

0.19-0.75 

.005 

Household povertyi 

1.22 

1.13-1.31 - 

<001 




Neighborhood fmverty:!: 

Hispanics 

1.24 

1.14-1.36 

<001 

1.04 

0,9.3-1.16 

.49 

Urbanization 







Urban 




Reference 



Suburban 

0.67 

0.30-1.48 

.32 

0,70 

0.29-1.68 

.42 

Medium metro 

1.08 

0.52-2.21 

;84 

• 1.22 .. 

0,61-2.46' 


Small metro/rural 

0.65 

0.20-2,08 

.46 

0.79 

0.24-2.56 

.69 

Household povertyf .. 

1.06 

0.90-1.26 

.49 




Neighborhood poverty^ 

NonTIjKpantcs and Puerto .Ricans ■; 

1.04 

08.3-1.32 

,71 

1,07 

0.86-1.33 

.50 

Ufbautzation 







Urban.' 




Refcivnce 



Suburban 

6.55 

0,35-0.86 

.008 

0.75 

0.44-1.26 

.28 



: 0.52-1.23 • 





Small mctro/iunil 

6.45 

0.31-0.67 

<,001 

0.65 

0.41-1.03 

.07 

:Hou.'5ehold..powriytLL:L:.''. 


T:i6-lJ 

<001 




Neighborhood poverty^ 

1.34 

1,22-1,48 

<001 

1.03 

0.90-1.18 

.65 


ED. Emergency department. 

‘Adjusted for age. sex, race/cihnicity, region, neighborhood-icvcl poverty. urt>an/niral status, and birth outside the United States. 
tOiK-uiiit increase in ratio of hoiisehoid income to the poverty line. 

|Tcn percentage point increase in hixischolds iiving below the poverty line. 


Residence in urban areas, a potenfial ri,sk factor for asthma 
hypothesized to be mediated by exposure to indoor and 
outdoor pollution, pest allergen.s, and violence and other 
stressful life events,^*’"’^ wa.s not found to be a significant 
ri.sk factor for prevalent asthma or asthma morbidity in this 
US population-based analysis. The lack of a relation.ship be- 
tween urban residence and asthma prevalence, even in crude 
analyses, might reflect shifting demographics since the inner- 
city asthma epidemic was first described. Although urban areas 
have historically tended to be poor, in recent years, the fastest 
growth in high-poverty areas ha.s occurred in .suburban and 
smaller metropolitan areas, with the slowest growth in the 
largest cities, as shown by the US Census’ Decennial and 
American Communities Surveys.’*"'^ The suburbanization of 
poverty means that despite continued high rates of concen- 
trated poverty in cities, there are now more poor people living 
in suburban than urban communities.'*' '■ The ethnic composi- 
tion of poor and urban areas has also shifted, with a so-called 
“rever.se migration” of black populations from Noitbem 


cities to the South’^ and an influx of Hispanic population.s to 
urban areas, where they are now the most common ethnic 
group. These demographic changes challenge the use of “inner 
city" as interchangeable with black race and mean that 
focusing on the inner city might not fully capture the popula- 
tion most at risk for asthma. In this survey we estimate that 
inner-city areas now bouse only 8% of all children with current 
asthma compared with the 46% living in .suburban or wealthier 
urban areas, which follows a similar distribution to children as 
a whole. The environmental factors contributing to asthma in 
non-inner-city areas, especially poor suburban and medium 
metro areas, have been relatively less studied than those in 
the inner city. 

In contrast to residence in an urban area, neighborhood- and 
individual-level {wverty wcic both associated with prevalent 
a^hma, although neighborhood-level poverty was not indepen- 
dent of individual-level household poverty. Poverty can lead to 
increased risk of asthma through many pathways because, known 
risk factors for asthma are more common in poorer households; 
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including smoking; shoiler duration of breast-feeding: prematu- 
rity; higher levels of indoor allergens, such as cockroach and 
mouse allergens; exposure to outdexm pollution, such as diese! 
pailicles; poorer diet; and psychological stress.*' Poverty (both 
neighborhood and household) was not a risk factor for non- 
Ihierto Rican Uispanics and was in fact protective, a finding 
that has been reported in a smaller study in California.''' Many 
of the risk factors for asthma that are found in poorer households 
in general might actually be less common among poorer, less 
acculturated Hispanic households. '^ Increased acculturation has 
been linked to higher prevalence, of asthma risk factors, including 
shorter duration of breast-feeding, ' ' smoking,’'' prematurity.'*'"''* 
and poor diet, and has been shown to be a risk factor for asthma 
among Mexican Hispanics.''"’' Although we adjusted for the sub- 
ject child’s birth outside the United States, our analyses did not 
adjust for the immigration status of the child’s parent, and thus 
acculturation is a potential explanation for the inverse relation- 
ship between poverty and asthma we found among Hispanics, 
although differences in diagnosis and gene-environment interac- 
tions might also play a rote. 

Tliere are several iiitporiant caveats to our findings. First, 
becau.se the research questions addressed in this study could only 
be an.swered with a very large study population, the data, by 
necessity, were obtained by means of self-report.. Differences in 
the likelihood of diagnosi.s of asthma by race, WKioeconomic 
status, or geography could potentially bia.s our results. However, 
assessment of asthma by the NHIS questions is a standard and 
well-accepted approach to identifying asthma.^” and .self-reptm 
of race/elhnkity is con,sidered the gold standard. 

Second, there is potential formiscla.ssification of neighborhood 
characteristics becau.se .subjects were surveyed in 2(K)9-2010 but 
were assigned to year 2(X)0 census tracts in the NHIS suix'ey. 
These tracts were linked to year 2(XX) cen.su.s <lata for poverty and 
year 2(X).5 urban/rural defimtjon.s. We expect that any changes in 
distribution of neighborhood-level poverty over the past decade, 
leading to misclassification of neighborhood-level pi>verty, arc 
likely to lead to a bias toward the null in our analyse.s of the 
relationship between neighborhood-level poverty and asthma, 
wherea.s urban/rural status is unlikely to change .substantially over 
4 to 6 years. 

Finally, with regard to asthma morbidity, the outcome mea- 
.sures were fairly crude, and there was less power than for tuialy.se.s 
of asthma prevalence overall. 'I’herefore we cannot exclude the 
possibility that residence in an urban area and poverty might have 
a stronger role in a.srhma morbidity than prevalent a.sthnia. In 
addition, access to care, including emergency care, might explain 
some of our re.sults, particularly the finding that those living in a 
rural area were !e.ss likely to have emergency department visits for 
asthma. More ie.seiirch is needed to understand how urban/rural 
status might affect other measures of asthma morbidity and 
asthma severity. 

These limitalion.s, however, are countered by the study’s 
strengths, which are that it is representative of the US prtpulation 
and of sufficient size to disentangle the effects of race/cthnicity, 
neighborhood-level poverty, and urban residence on a.sthma. 

in conclusion, our work suggests that the concept of inner-city 
asthma might need to be revi.scd. Focusing only on urban areas 
could miss communities that are also at high risk of asthma, 
particularly those with high concentrations of black, Puerto 
Rican, and poor children. This work highlights the need for a 
broad view of asthma disparities to develop the research and 


public health measures that are most likely to be effective in 
jjreventing and managing a.sthma. 
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Submitted by Representative John R. Moolenaar 



State or MicinOAN 

RICK SNYDER EXECUTIVE OFFICE Brian galley 

GOVERNOR !,ANS!NO GOVERNOR 

February 26, 2015 

The Honorable Barack Obama 
President of the United States 
The White House 
1600 Pennsylvania Avenue, NW 
Washington, DC 20500 

Dear Mr. President: 

The United States Environmental Protection Agency’s (USEPA) proposal to lower 
the National Ambient Air Quality Standards (NAAQS) for ground-level ozone raises concern 
on several levels for Michigan and the nation. I urge you to reevaluate changing the ozone 
standards at this time. The proposed change fails to acknowledge the gains in human 
health and air quality from regulatory actions already in play and does not take into account 
that Imposing more stringent standards could slow reductions in ozone and thwart growth in 
business investment. 

An antiquated law is driving this proposal, not uncontested scientific evidence. 

A more constructive action would be to call for an amendment to the Clean Air Act that 
mandates review of this standard every five years. With 50 years of experience in air 
quality regulation and greatly-improved air quality, we owe it to our citizens to assess 
environmental mandates and their impact on health, social, and economic aspects in 
today’s world. 

Existing Standards are Protective of Human Health. According to health experts, the 
studies upon which the USEPA has relied - that lowering the ozone standard from 75 parts 
per billion will Improve protection against the adverse health impacts of ozone - are 
inconclusive. Moreover, given that six air pollutants are regulated independently as part of 
the USEPA’s NAAQS program (particulate matter, nitrogen oxide, sulfur dioxide, lead, 
carbon monoxide, and ozone), we should be careful to recognize only the health benefits 
associated with a lower ozone standard. To do otherwise could result in inadvertently 
double-counting those benefits. 

Before compelling industry to invest in additional pollution control equipment, the air 
quality impact of several existing regulatory programs should be evaluated. For example, 
the Mercury and AirToxIcs Standards, the Regional Haze Program, the Cross-State Air 
Pollution Rule, the Boiler Maximum Achievable Control Technology (MACT) requirements, 
the Reciprocating Internal Combustion Engines MACT requirements, the proposed Clean 
Power Plan, and the Tier 3 Motor Vehicle Emission and Fuel Standards all have 
components that will affect ozone levels. 

Regulatory Uncertainty increases Costs and Delays Pollution-Control Investment. 

In an uncertain regulatory environment, businesses often will defer investments if they are 
unsure their investments will comply with future regulations. With less economic optimism, 
energy-efficient investments by businesses and purchases of more environmentally-friendly 
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appliances and motor vehicles by consumers may be delayed, causing a counterproductive 
result- Lower investments put drag on the economy, and delayed use of more 
environmentally-friendly appliances and vehicles curtails improvements in air quality. 

Public resources also become strained as state regulatory agencies must frequently revise 
air regulations and strategies to address standards in flux. 

Furthermore, as areas become newly-designated as “nonattainment.” both public 
and private resources are diverted to emission-reduction efforts, impeding growth of our 
economy. The siting of new natural gas plants, resulting from new requirements to reduce 
greenhouse gas emissions, will be more challenging and expensive - to the point of being 
prohibitive in “nonattainment” areas. In Michigan, we are taking action to establish policies 
balancing economic growth with environmental protection. 

Enclosed is the technical submittal from Dan Wyant, Director, Michigan Department 
of Environmental Quality (MDEQ) in response to the proposed NAAQS for ozone published 
in the Federal Register on December 1 7, 201 4 (79 Federal Register 75234), 

I look forward to working together in a way that considers the long-term health of our 
state, the nation, the economy, and the environment. 


Sincerely, 



Rick Snyder 
Governor 


Enclosure 

cc/enc: 

Ms. Gina McCarthy, Administrator, USEPA 

Ms. Janet McCabe, Acting Assistant Administrator, Office of Air and Radiation, 
USEPA 

Dr, Susan Hedman, Regional Administrator, USEPA, Region 5 
Mr. Dan Wyant, Director, MDEQ 
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THE MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY’S COMMENTS 
ON THE UNITED STATES ENVIRONMENTAL PROTECTION AGENCY’S 
PROPOSED RULE TO REVISE THE NATIONAL AMBIENT 
AIR QUALITY STANDARDS FOR OZONE 
Docket ID No. EPA-HQ-OAR-2008-0699 
February 26, 2015 


The Michigan Department of Environmental Quality (MDEQ) respectfully submits the 
following comments on the United States Environmental Protection Agency’s (USEPA) 
proposed National Ambient Air Quality Standards (NAAQS) for ozone published in the 
Federal Register on December 17, 2014 (79 Federal Register 75234). As the USEPA 
undertakes the challenging task of reviewing and potentially revising the ozone NAAQS, 
we believe there are some very important details that should not be overlooked in the 
final drafting of the rule and, thus, submit the following for your review and 
consideration. 

Primary and Secondary Standards 

The USEPA has requested comment on a range between 60 and 75 (the current 
standard) parts per billion (ppb) for the primary ozone standard. In support, the proposal 
references studies that indicate there are impacts on human physiology at all levels for 
which comment is being sought. The MDEQ has reviewed the referenced studies, and 
acknowledges that there are measurable effects of ozone in the form of lung function 
decrement at exposure levels ranging from well above the current standard (120 ppb) to 
well below (40 ppb); however, the evidence of adverse effects with exposures below 
75 ppb seems much too tenuous to justify lowering the standard, given the effect a 
lower standard would have on the regulated community as well as Michigan’s economy. 
For example, many of the studies cited, when given the margin of error, indicate the 
possibility of no measureable effect. Hence, the MDEQ believes the evidence is 
inadequate to justify modifying the ozone standard from its current level of 75 ppb. 
Further support for this argument can be found in literature. Smith, et at. (Inhalation 
Toxicology, 2009; 21(S2): 37-61), contends that “estimates of the association between 
ozone and mortality, based on time-series epidemiologic analyses of daily data from 
multiple cities, reveal important still unexplained inconsistencies and show sensitivity to 
modeling choices and data selection." In addition, Goodman, etai (J AppI Toxicol, 

2014 May; 34(5): 516-24), indicated that evaluation of controlled ozone exposure 
studies “do not demonstrate a causal association between ozone concentrations in the 
range of the current NAAQS and adverse effects on lung function." 

At a minimum, the studies referenced above, and others like them, indicate the science 
is not settled on this issue. Moreover, it appears that many of the studies referenced in 
the proposal were already considered when determining the 2008 ozone standard, with 
few since 2008. The proposal does not explain why a reinterpretation of previously- 
relied upon studies is justified. Additionally, the number of studies rationalizing a more- 
stringent ozone standard remains low and, therefore, unconvincing. There is also 
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insufficient evidence indicating the averaging times and methods currently employed 
are inadequately protective. The MDEQ encourages the USEPA to rely on sound 
science when finalizing the primary standard and to not modify the current standard of 
75 ppb unless a significant number of pertinent, quality studies have been conducted 
since the 2008 ozone standard was evaluated and established. 

The MDEQ believes the secondary standard should be kept equal to the primary 
standard and does not support the use of the W126 index. The W126 index would be 
much more difficult to effectively implement, and the added complexity of using the 
index has not been adequately shown to be necessary. The proposal indicates the 
W126 index can be related to a secondary standard using the same units (ppb) as the 
primary standard. In that case, leaving the primary and secondary standard equal will 
result in less confusion for stakeholders, including the general public, and will allow for a 
more effective implementation of the standard. 

Background 

Background ozone concentrations are of legitimate concern when considering revising 
the standard to a more stringent level, especially bearing in mind that ozone occurs 
naturally and can also be transported from other countries. The USEPA's proposal 
indicates that volatile organic compound (VOC) emissions from natural sources 
“comprise around 70 percent of total VOC emissions nationally, with a higher proportion 
during the ozone season and in areas with more vegetative cover," Of man-made VOC 
emissions, the USEPA estimates that industrial processes account for 57 percent and 
mobile sources account for 39 percent. Further, 60 percent of man-made nitrogen 
oxides (NOx) emissions are estimated (by the USEPA) to be attributed to on- and non- 
road mobile sources. To establish a standard lower than 75 ppb when the states have 
little or no ability to control greater than 50 percent of VOC and NOx emissions, would 
make compliance with the standard using regulatory mechanisms available to the states 
nearly impossible. 

Guidance Time Frames/Submittals 


The timeliness of the USEPA-issued guidance with regard to the final ozone rule, 
including implementation and designation guidance, is of great concern to the MDEQ. 
Due to the deadlines and process requirements placed on state agencies, we believe 
that the proposed time frames for guidance issuance are too long, leaving inadequate 
time for states to complete their obligations under the Clean Air Act (CAA), If the 
USEPA does not issue guidance documents until one year after promulgation of the 
rule, it will be much more difficult for states to complete their CAA obligations — 
especially the Section 110 requirements. The MDEQ urges the USEPA to issue 
implementation guidance as soon as possible and certainly not more than six months 
after promulgation of the final rule. 
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For designation recommendations, the MDEQ requests that the USEPA reconsider the 
four-month delay in guidance issuance referred to in the proposed rule and instead 
issue designation recommendation guidance simultaneously with promulgation of the 
NAAQS final rule. Delay in guidance availability makes meeting the time frame for 
submittal of designation recommendations much more burdensome for states. 

If a secondary standard is promulgated that is different from the primary, the MDEQ 
recommends that the attainment demonstration deadline for states under Section 110 
be automatically extended by 18 months. In addition, we believe the guidance should 
be issued within six months of promulgation due to the complexities created by having a 
secondary standard that is different from the primary. 

Designations 

The CAA does not include a provision for the designation of “attainment/unclassifiable" 
areas. Therefore, for any future designations, the MDEQ requests that the USEPA 
make designations based solely on those classifications (nonattainment, attainment, or 
unclassifiable) specified in the CAA. 

General 


A revision of the ozone standard to lower the threshold level would most certainly result 
in more designated nonattainment areas in many regions of the country. Of concern is 
the effect a lower ozone standard would have on a state’s ability to comply with other 
USEPA regulations, including the Mercury and Air Toxics Standards (MATS), the 
proposed Clean Power Plan (CPP), the Cross-State Air Pollution Rule (CSAPR), and 
others. An increase in nonattainment areas would create significant obstacles in siting 
and permitting new natural gas combined cycle (NGCC) plants due to new source 
review requirements that include offsets and Lowest Achievable Emissions Rate. Such 
plants will play an integral role in compliance with the CPP and MATS rules. A new 
NGCC plant must be sited both where there is adequate access to natural gas 
infrastructure and transmission lines and near population centers/larger cities, which, 
although designated attainment under the current ozone standard, would likely be 
designated nonattainment with a lower ozone standard. 

In addition, the MDEQ has questions with regard to how the USEPA is counting the 
benefits of a revised ozone standard. According to the proposal, the cost-benefit 
analysis quantifies and monetizes the benefits of reducing particulate matter (PM). 
However, it appears that the benefits of PM reductions have also been counted in the 
Regulatory Impact Analysis for the PM2.5 NAAQS, CSAPR, sulfur dioxide NAAQS, 
MATS, Boiler Maximum Achievable Control Technology (MACT), CPP, reciprocating 
internal combustion engine MACT, and the Tier III vehicle and fuel standards. It is 
unclear whether these benefits are being double counted as the same reductions 
across multiple rules. Double counting would be disingenuous — drastically inflating the 
benefits of the rule. We, therefore, urge the USEPA to count only the benefits of ozone 
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reductions associated with a revised standard, not the incidental benefits of other 
pollutants, such as PM, or the reductions that have already been counted in other 
recent USEPA proposed or final rules. 

Lastly, given the complex chemistry of ozone and the disparate impact of ozone 
precursor emissions within cities and downwind, the actual benefits and disbenefits of 
reducing precursor emissions should be weighed in terms of the effect on differing 
NOxA/OC ratios in the various airsheds. 

Air Quality Index 

Forecasting the Air Quality index (AQI) for ozone is not an exact science. With the 
current limitations, it is important to provide a range large enough to reasonably predict 
ozone concentrations for the following day. Ideally, each AQI category would have a 
20 ppb or greater range; however, that is not possible with the constraints in the 
USEPA’s proposed breakpoints. Within the revised standard as proposed, the MDEQ 
recommends that the ozone breakpoints be established as depicted in the last column 
of the table below; however, if the standard remains 75 ppb, we support retaining the 
current AQI. 


Table 1 


AQI Category 

Values 

Existing 

USEPA 

Recommended 

Breakpoints 

(ppb) 

MDEQ 

Recommended 

Breakpoints 

(ppb) 

Good 

0-50 

0-59 

0-49 or 54 

0-49 

Moderate 

51-100 

60-75 

50 or 55-65 or 

70 

50-70 

(21 ppb spread) 

Unhealthy for 
Sensitive Groups 

101-150 

76-95 

66 or 71-85 

71-85 

(15 ppb spread) 

Unhealthy 

151-200 

96-115 

86-105 

86-105 

(20 ppb spread) 

Very Unhealthy 

201-300 

116-374 

106-200 

106-200 

Hazardous 

301-500 

375+ 

201 + 

201+ 


Monitoring and Photochemical Assessment Monitoring Station 

Several monitoring revisions proposed as part of the new ozone standard merit a closer 
look prior to the standard’s finalization. One such issue is whether enhanced 
photochemical assessment monitoring station (PAMS) measurements should be 
co-located at existing national core (NCore) sites. While we believe it is laudable to 
leverage sites where data is already being collected, it is unclear whether NCore sites 
adequately meet the objectives of the PAMS program. Depending on the modeling 
domain chosen, there may not be NCore sites located in areas of interest/need, and the 
current NCore network may not be adequate to depict boundary conditions or areas of 
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maximum emissions. For these reasons, the selection of PAMS sites should not be 
made until there has been formal consultation with the USEPA and state, local, and 
tribal modelers; and this consultation should not occur until nonattainment area 
modeling domains can be chosen. Even then, it is paramount that flexibility be given in 
the selection of PAMS sites. The proposed rule states that “To account for these 
situations, the EPA is also proposing to provide the EPA Regional Administrator the 
authority to approve an alternative location....” The MDEQ believes that this authority 
should come with an understanding that if alternative sites are still required to be fully 
outfitted, the cost would be dramatically more expensive than outfitting an NCore site 
where some infrastructure and instrumentation already exist. The Regional 
Administrator in exercising this authority should rely on the existing Annual Network 
Review process rather than a separate waiver procedure. 

With regard to PAMS instrumentation, the USEPA proposes to require that PAMSs 
collect speciated VOC samples, either by employing a continuous, automatic gas 
chromatograph (auto-GC) or by utilizing summa canister measurements integrated over 
the course of a number of hours. The MDEQ supports the use of auto-GCs, provided 
the USEPA allocates adequate funding to purchase and operate the instruments. 
However, we strongly suggest that procedures be developed by the USEPA to ensure 
that the auto-GCs collect the full TO-15 suite of air toxic VOCs in addition to the PAMS 
suite. There are currently 13 VOC species that overlap the two suites, but the overlap 
does not include many of the higher-toxicity compounds, including methyl ethyl ketone 
and carbon tetrachloride. Including the measurement of the TO-15 suite of compounds 
would conform with PAMS rationale number six to provide additional measurements of 
selected criteria and non-criteria pollutants to be used for evaluating population 
exposure to air toxics. Given this objective and the cost of auto-GCs, it would be 
unwise/wasteful to sample only PAMS species or let the auto-GCs sit idle during the 
months not conducive for ozone formation. We agree with the USEPA’s suggested 
methodology for carbonyls, as it is congruent with the established method for measuring 
air toxics, namely TO-11. 

In addition, the ozone proposal solicits comment on monitoring NOx at PAMS sites, 
specifically adding nitrogen dioxide (NO 2 ) monitoring to the total reactive nitrogen 
oxides (NOy) already being conducted at NCore stations. The proposal states that the 
NO 2 monitoring should be based on new technologies and not based on NOx minus the 
nitric oxide (NO) calculation. The USEPA does not give a compelling reason why the 
NOx minus NO methodologies are inadequate. While the proposal includes information 
about interferences due to nitrous oxide (NOz) compounds, one must recognize that 
given the resolution of photochemical grid models, that vary from 4 to 32 kilometers, the 
impact of NOz interferences would be very small compared to other modeling 
uncertainties such as emission inventories and mixing heights. The increased emphasis 
on NO 2 monitoring is especially puzzling given it was for photochemical modeling 
purposes that states were mandated to monitor NOy in lieu of NO 2 at NCore sites. 
Regardless, given the close relationships between NOx and NOy, funding for enhanced 
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oxides of nitrogen monitoring might better be spent on other aspects of monitoring, 
including auto-GCs. 

Regarding meteorological measurements, the photochemical modeling community has 
a long history of relying upon National Weather Service (NWS) measurements for 
mixing heights and precipitation as these parameters generally vary little over the 
distances that are typical to nearby airports. As such, the MDEQ does not see a 
wholesale need for ceiiometers or rain buckets at PAMS. In the instance where 
modeling domains have meso- or micro-scale meteorological features that are not 
properly characterized by existing NWS measurements, instrumentation could be added 
to PAMS sites on a case-by-case basis. 

The USEPA is also proposing to add nitrogen oxide-chemiluminescence methodology 
as a second federal reference method (FRM) for ozone. While the MDEQ does not have 
a strong opinion on this portion of the proposal, we believe that the current ozone 
monitors designated with federal equivalent method status should retain such status 
without requiring new performance testing against the new proposed FRM. 
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Commonwealth of Kentucky 

Office of the Governor 


Si EVEN L. Beshear 

November 21, 2014 


The Honorable Barack H. Obama 
President of the United States 
The White House 
1600 Pennsylvania Avenue, NW 
Washington, D. C. 20502-0001 

Dear Mr. President: 

I am writing concerning the anticipated Environmental Protection Agency's (EPA) 
proposed rule related to the ground-level ozone standard. I appreciate the great challenge 
that EPA faces in setting health-based standards. As you are aware, protecting the health 
of Kentuckians Is of critical importance to me. However, 1 must share with you the concern 
I have that the new ozone standard could create a hardship for many of our communities. 

I understand the Clean Air Science Advisory Committee has recommended that the 
EPA adopt a standard within the range of 60-70 parts per billion (ppb). Any point within 
that range would be below the existing standard of 75 ppb, and any such reduction would 
have a significant impact. 

The Impact of the new standard will vary depending whether or not the standard is 
reduced from the current 75 ppb and how extreme the reduction is. For example. If 60 ppb 
is promulgated as the new standard, all 29 of the air monitors that Kentucky operates will 
exceed the standard. If the highest end of the range is selected, nonattainment will be 
limited to major metropolitan areas. Currently at 75 ppb only one metropolitan area 
exceeds the standard. This is of critical Importance because If a lower standard Is selected, 
counties in Kentucky that have never before experienced the ramifications of a 
nonattainment designation may be forced Into that position. 

I must remind you that other EPA rules either finalized or proposed have been touted 
for their direct or indirect Impact of reducing ozone precursors. The Corporate Average Fuel 
Economy and Tier 3 standards will affect ozone-forming pollutants from the mobile sector. 
The Clean Power Plan, which was proposed on June 2 of this year, is expected to reduce 
407,000-428,000 tons of nitrogen dioxide in 2030 as reported by the EPA. Thus, there are 
already extant or proposed ancillary standards that will significantly lower ozone-producing 
criteria pollutants. Therefore, my advisors recommend the ozone standard should remain 
unchanged for the time being. 


700 CAPiTCtL AVEfUiE 
Sun-L 100 

FRANPtroRT, KY 4OS01 
(502) 564-261 1 
Fax: (502) 564-2517 


KGntuckyUnbridiedSpirit.coiTi 


^UNBRIDLED SPIRIT— 


An Equal Opportunity Employer M/F/D 



308 


THE HONORABLE BARACK H, OBAMA 
November 21, 2014 
Page 2 


There are many environmental rules driving up costs in Kentucky that will negatively 
impact the economy. A new oiione standard does not have to contribute to these costs. 
Kentucky is a manufacturing state. For example, Kentuckians produce many of the vehicles 
and much of the aluminum and steel manufactured In the U.S., and our manufacturers rely 
on low-cost electricity to produce these products, I, therefore, ask you to retain the current 
ozone standard which will continue to protect the health of our citizens without burdening 
our communities with costly nonattainment compliance programs. The growth of our 
economy is dependent on it. 


Sincerely, 



Steven L. Beshear 


cc: Gina McCarthy, Administrator 

United States Environmental Protection Agency 
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Submitted by Representative Gary Palmer 


Office of the Governor 


Robert Bentley 
Governor 



State of Alabama 


State Capitol 
Montgomery, Alabama 36130 

034) 242-7100 
Fax: (334) 242-3282 


February 24, 2015 


The Honorable Gina McCarthy 
Administrator 

U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, N W 
Washington, D.C. 20460 

RE: Attention - Docket ID No. EPA-HQ-OAR-2008-0699 
Dear Administrator McCarthy: 

I write to express my deep concerns regarding the proposal by the United States 
Environmental Protection Agency (EPA) to change the National Ambient Air Quality 
St^dard (NAAQS) for ground-level ozone. 1 understand that the proposal requests 
comments on reducing the current standard to within the range of 70 parts per billion 
(ppb) to 60 ppb, but I believe the estimated effects on the State of Alabama from any 
change in the ozone NAAQS far outweigh tJie suggested benefits. 

Reduced standards would drastically impact my state. In Alabama, the only county in 
non-attainraent under the current standard just recently reached attainment through hard 
work and dedication. A further reduction could not only place this county back in non- 
attairunent but also dramatically increase the number of counties designated as such, up 
to over three-fourths of the stale. Specifically, according to data from Alabama’s 
Department of Environmental Management, a 70 ppb standard will likely re.sult in a non- 
attainment designation for one monitored counties. With a 65 ppb standard, three 
monitored counties will be designated non-attainment. Under a 60 ppb standard, twelve 
of thirteen monitored counties will be designated non-attainment. Additionally, this data 
does not reflect the unmonitored counties that would be designated non-attainment. It is 
possible diat over three-fourths of the state could be designated non-attainment with a 60 
ppb standard. For Alabama, this is unacceptable. Our economy simply c^not continue to 
improve under these unnecessary, federally-mandated restrictions on existing businesses 
and economic development. Restrictions on the industrial sector in non-attainment areas 
would severely impede this state’s economic progress. In addition, the cost of 
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implementation may very well reach every Alabama citizen tlirough increased energy 
costs. 

The proposed change is premature and needs further study. To the extent the current 
standard has only been implemented for a few years, businesses have operated under and 
made plans based on the current standard for too short of a period. Indeed, the 
implementing regulations for the current standard have not been released to the states to 
allow submittal of State Implementation Plans (SIPs). Further study is needed to 
determine the actual benefits of a lower ozone NAAQS. If the current standard has only 
recently been attained, it is difficult to understand how sufficient data could have been 
collected, let alone analyzed to show the health impacts of the recently attained levels. 
Without knowing the impacts of the current standard, I do not understand the reason for 
additional reductions. Further, if, as the EPA reportedly admits, other environmental 
regulations will lower ozone emissions, a different ozone standard is unnecessary and 
will simply harm the economy through non-attainment designations without providing 
additional benefits. 

1 support and encourage environmental and public welfare protections but carmot support 
regulations that are more harmful than beneficial. I request that the current standard 
remain. 
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Submitted by Representative Bruce Westerman 



^ iflstltuteforeni-'rgyresearch.oi'g 

http://!nstitkJtefc Eific-b3sis-6pas-ozone-rLie/?pfstyle--wp 

Study Undermines Scientific Basis for EPA’s Ozone Rule 

Researchers have long thought that there was a correlation between living in urban areas and asthma prevalence. 
This is part of a belief that outdoor air pollution, which is often worse in inner-city areas, contributes to asthma 
development. 

However, a new study questions the link between asthma and city living. It shows that once we adjust for other 
factors, notabiy race and poverty, whether a person lives in an urban or a non-urban area is not a good predictor of 
asthma. 

This new research calls into question EPA’s longstanding belief that people, particularly children, who are exposed to 
more outdoor air pollution, such as ozone, are at a greater risk for developing asthma. Instead, the researchers found 
that poverty is a greater risk factor for asthma, while living in urban areas (with higher outdoor air pollution) is “not 
significant.” 

The finding that poverty has more to do wth asthma than living in urban areas undermines EPA’s case for lowering 
national standards for ground-level ozone — a regulation that could be the costliest rule ever proposed. 

By making people poorer, EPA’s proposed rule could make asthma worse. If this study is correct, then the ozone rule 
would be inconsistent with EPA’s statutory requirement under the Clean Air Act to protect public health with an 
“adequate margin of safely." It also underscores the need for Congress to force EPAto consider the link between 
economic costs and public health. 

In light of this new evidence, EPA should rescind its proposed ozone rule. This rule could exacerbate the public health 
problem it is trying to mitigate and impose enormous economic burdens on American families. Moreover, ozone 
levels are already declining without further regulation, obviating the need for more federal mandates. 

Study Questions Long-Held Asthma Link 

EPA has long linked outdoor air pollution to asthma attacks, the “development of asthma,” and other respiratory 
conditions. The agency uses the assumed correlation as a pretext for nearly all of its clean air regulations, including 
its proposed ozone rule. 

However, this new study, published in the Journal of Allergy and Clinical Immunology by a team of researchers led by 
Dr. Corinne Keet at the John’s Hopkins Children's Center, examined data for 23,065 children across the country. The 
study concludes: "Although the prevalence of asthma is high in some inner-city areas, this is largely explained by 
demographic factors and not by living in an urban neighborhood." 

in fact, the authors found that indoor pollution linked to poverty is a greater risk factor For asthma than living in an 
urban area, where outdoor air pollution is usually worse. As TIME explains: 


: The new findings still support poiluthn as a cause for asthma, but it suggests that indoor poUution 
may be doing more of the harm. 

■h "A iot of what may make a difference is what happens inside the home than outside the home . 
■ especially as we spend so much time indoors these days, " says Keet. Allergen exposure from old 
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housing materials, cockroaches and mice, mold pollution, cleaning supplies, and tobacco smoke may 
* be heavy contributors. [Emphasis mine] 


The authors note in their study that once they controlled for race, ethnicity, and poverty, the correlation between 
inner-city living and asthma prevalence disappeared; 


i Here we show that although some inner-city areas have high rates of asthma, particulaiiy in the 
I Midwest and Northeast other non-urban poor areas have equal or higher asthma prevalence. Overall, 
i black race, Puerto Rican ethnicity, and poverty rather than residence in an urban area per se 
) are the major risk factors for prevalent asthma. [Emphasis mine] 


On the next page, the authors offer further explanation: 

: Residence in urban areas, a potential risk factor ktr asthma hypothesized to be mediated by 
5 exposure to indoor and outdoor pollution, pest allergens, and violence and other stressful life events, 

] was not found to be a significant risk factor for prevalent asthma or asthma morbidity in this 
I US population-based analysis. [Emphasis mine] 

This new study isn't the first to question the science of asthma and air pollution. Last year, Drs. Julie Goodman and 
Sonja Sax accused EPA of “cherry-picking" studies to support stricter ozone standards. As Goodman and Sax put it, 
“EPA assumes that ozone causes more health effects than what the science supports.” 

This latest study casts further doubt on the scientific basis for EPA’s ozone njle. In a recent opinion piece for The Hill, 
Dr. Joseph Perrone, chief science officer at the Center for Accountability in Science, was the first to point out how the 
Hopkins study undermines EPA's science on ozone and asthma: 

i This is science the EPA cannot ignore, if the agency is truly interested in ‘following the science. ” it 
I should spend more time addressing real public health threats than imposing costly rules based on 
• dubious science that may only make us poorer and sicker. 

It is important to note that Keet's study examined asthma prevalence, not asthma attacks or any other health effects. 
EPA cites reductions in both asthma prevalence and asthma attacks to justify its proposed ozone rule. 

EPA’s Ozone Rule Exacerbates Asthma and Poverty 

EPA is currently accepting public comments on a proposal to tighten national ozone standards by as much as 20 
percent, from 75 parts per billion (ppb) to 60 ppb. EPAAdministration Gina McCarthy claims that the proposed rule is 
necessary because “cutting air pollution to meet ozone standards lowers the risk of asthma.” 

In fact, EPA may actually make asthma worse by exacerbating poverty. A recent analysis finds that EPA’s ozone rule 
could slash economic growth by $270 billion per year, destroy 2.9 million jobs annually, and reduce household 
spending by $1,570 per year. That would make EPA’s proposal the costliest regulation in U.S. history. 

If poverty contributes more to asthma than ozone, EPA’s proposal, which could put millions of Americans out of work 
and slow economic growth, could actually increase asthma prevalence. That would make EPA’s ozone rule 
inconsistent with the agency’s statutory obligation under the Clean Air Act to protect public health with an “adequate 
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margin of safety." 

Ozone Declining Without Further Regulation 

Even if EPA’s proposed ozone ruie didn’t threaten public health, it would still be unnecessary because ozone levels 
are already declining without a tighter standard. According to EPA’s own data, ozone levels have declined 33 percent 
since 1980 alone. The following EPA chart shows national ambient ozone levels between 1980 and 2013; 


02one Air Quality, 1 980 - 201 3 

CAnnual 4th Maximum o! Dally Max 8-Hour Average) 
National Trend based on 222 Sites 



Further tightening ozone regulations would likely only increase poverty, which could actually make asthma worse. To 
protect public health with an “adequate margin of safety,” EPA must rescind its proposed rule. 

EPA Should Consider Link Between Poverty and Public Health 

A major flaw with EPA’s ozone rule is that EPA cannot consider the link between economic costs and public health, 
even though the science shows that poverty worsens public health. In EPA’s Regulatory impact Analysis for its 
proposed ozone rule, the agency claims “the Clean Air Act and judicial decisions make clear that the economic and 
technical feasibility of attaining ambient standards are not to be considered in setting or revising [National Ambient Air 
Quality Standards],” including ozone. 

This is problematic, as it seems to conflict with EPA’s statutory requirement under the Clean Air Act to protect public 
health with an “adequate margin of safety." EPA’s ozone rule could impose enormous compliance costs, resulting in 
job losses and reduced economic activity. In other words, the rule could make people poorer, which the science 
shows makes people less healthy. 

Congress should force EPA to consider the link between the economic costs of its regulations and public health 
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outcomes. EPA might still conclude that health benefits outweigh costs, but it would at least force the agency to 
consider the science on poverty and health. 

Conclusion 

The new study published in the Journal of A//ergy and Clin'icat Immunology found no link between living in an inner 
city— where outdoor air pollution (including ozone) is generally higher than non-inner-city areas — and asthma 
prevalence in children. Rather, the study found that poverty is more closely linked to asthma than city living, where 
outdoor air pollution is generally worse. That means EPA’s proposed ozone rule, which could be the costliest 
regulation in U.S. history, could actually make asthma worse by making poverty worse. In light of these new findings, 
EPA should withdraw its proposed ozone rule. 
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American 
Forest & Paper 
.. Association 



AMERICAN WOOD COUNCIL 


Statement 

American Forest & Paper Association 
American Wood Council 

House Committee on Science, Space, and Technology 

Hearing 

“Reality Check: The impact and Achievability 
of ERA’S Proposed Ozone Standards” 

March 17, 2015 


Introduction 

The American Forest & Paper Association (AF&PA) serves to advance a sustainable 
U.S. pulp, paper, packaging, and wood products manufacturing industry through fact- 
based public policy and marketplace advocacy. AF&PA member companies make 
products essential for everyday life from renewable and recyclable resources and are 
committed to continuous improvement through the industry’s sustainability Initiative - 
Better Practices. Better Planet 2020 . The forest products industry accounts for nearly 4 
percent of the total U.S. manufacturing GDP, manufactures approximately $210 billion 
in products annually, and employs nearly 900,000 men and women. The industry 
meets a payroll of approximately $50 billion annually and is among the top 10 
manufacturing sector employers in 47 states. 

AF&PA’s sustainability initiative - Better Practices, Better Planet 2020 - is the latest 
example of our members' proactive commitment to the long-term success of our 
industry, our communities and our environment. We have long been responsible 
stewards of our planet’s resources. Our member companies have collectively made 
significant progress in each of the following goals, which comprise one of the most 
extensive quantifiable sets of sustainability goals for a U.S. manufacturing industry: 
increasing paper recovery for recycling; improving energy efficiency; reducing 
greenhouse gas emissions; promoting sustainable forestry practices; improving 
workplace safety; and reducing water use. 

The American Wood Council (AWC) is the voice of North American wood products 
manufacturing, representing over 75 percent of an industry that provides approximately 
400,000 men and women with family-wage jobs. AWC members make products that are 
essential to everyday life from a renewable resource that absorbs and sequesters 
carbon. Staff experts develop state-of-the-art engineering data, technology, and 
standards for wood products to assure their safe and efficient design, as well as provide 
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information on wood design, green building, and environmental regulations. AWC also 
advocates for balanced government policies that affect wood products. 


Background 

Under the Clean Air Act, EPA must update its assessment of the latest science and 
consider whether any changes are needed to National Ambient Air Quality Standards 
(NAAQS) at least every five years. The Administration has significant discretion in 
determining what is “requisite" to protect public health when setting NAAQS. in fact, in 
201 1 EPA started a process to reconsider the ozone NAAQS but President Obama 
intervened and asked Administrator Jackson to withdraw the rule, which she did. 

EPA missed its five-year review deadline for the ozone NAAQS in 2013 and was sued 
by environmental groups. Under a court order, EPA signed a proposed rule on 
December 1 , 2014 to lower the current 75 ppb limit to between 65 and 70 ppb - the rule 
was published in the Federal Register on December 17, 2014 with a 90 day comment 
period which ends today, March 17. In the proposal, we were pleased that EPA invited 
comment on retaining the current standard citing different interpretations of the 
underlying science. A final rule is due under the court schedule by October 1, 2015 - a 
very accelerated pace for a rule of this complexity and importance to the nation. 

Position 

States should proceed with implementing the 2008 ozone standard first before EPA 
moves the ozone NAAQS goal posts again. EPA’s ill-timed attempt to tighten the ozone 
NAAQS in 201 1 drew focus away from the important tasks of designating areas as non- 
attainment and then identifying additional controls from mobile and stationary sources 
through State Implementation Plans (SIPs). In fact. EPA just published on March 6 the 
2008 Ozone Implementation rule earlier this month, seven years after it set the new 
standard, which lays out requirements for SIPs. States, EPA and regulated entities 
should focus on those designation and implementation efforts. Constantly moving these 
air quality goal posts creates significant business uncertainty for investments that are 
critical to our global competitiveness. 

Air quality has gotten significantly belter over the last several years and will continue to 
improve due to other EPA rules on the books, such as Boiler Maximum Achievable 
Control Technology (MACT), even if the ozone NAAQS is not changed. Nitrogen oxide 
(NOx) and volatile organic compound (VOC) emissions from pulp, paper and wood 
product mills continue to decline. In fact, NOx emissions are down by over 25% from 
2000 to 2012 at pulp and paper mills. 
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AF&PA and AWC support clean air and realistic, science-based air quality standards. 
However, the health effect evidence for ozone has no| changed significantly since EPA 
tightened the ozone NAAQS in 2008, so a further change is not justified. EPA continues 
to rely on studies fhat reinforce their concerns while ignoring or giving little weight to 
negative or ambiguous studies. Specifically, there is a lack of definitive evidence linking 
low levels of ozone exposure - those below the current standard - to adverse health 
impacts. The evidence on which EPA relies today is no stronger than it was the last time 
the standard was reviewed in 2008.’ Furthermore, EPA’s new conclusions are not 
consistent with the majority of the science on the subject.’’^ EPA's analyses show that 
few (if any) people would be adversely affected by ozone at the current standard.^ 

U.S. ozone levels are increasingly attributable to natural sources and pollution from 
other countries which must be considered when EPA reviews the ozone limits. Some 
ozone is generated naturally from plants, fires, and ozone from the stratosphere that 
comes into the troposphere. The proportion of ozone coming from other countries as far 
away as China is steadily increasing and becoming part of the “background.” In some 
places, background concentrations (ozone that originates from natural sources or 
transported international emissions) contribute to over 80% of total ozone."* Even EPA’s 
advisory committee notes the lack of clarity regarding how ozone standards are 
impacted by background concentrations.® 

We are pleased EPA has not chosen to set a secondary standard more stringent than 
the primary standard as well as not propose a new “cumulative form” of the secondary 
standard instead keeping to the 8-hour form. Our analysis concludes that any 
cumulative form of the standard, such as the W126 mentioned in the EPA support 
documents, is redundant with the 8-hour form. In addition, forestry and potential 
biomass loss from ozone exposure have not been demonstrated below the current 
concentrations so the current standard is adequately protective of trees and our fiber 
supply. 

Finally, while EPA cannot consider costs when setting the NAAQS, the costs of 
mistakenly tightening the standard are significant when there is such scientific 

^ Gradient (Cambridge, MA) "Long-Term Ozone Exposure and Mortality." Report to Utility Air Regulatory Group, (April 2013); 
Gradient (Cambridge, MA) "Short-term Ozone Exposure and Mortality." Report to American Forest and Paper Association ( 
December 20, 2013); Gradient (Cambridge, MA) "Long-Term Ozone Exposure and Respiratory Morbidity." Report to American 
Forest and Paper Association (December 20, 2013). 

^ Honeycutt, Dr. Michael, "Will EPA's Proposed New Ozone Standards Provide Measurable Health Benefits?", National Outlook, 
Texas Commission on Environmental Quality (TCEQ) PD'020/14/07 (October 2014) 

^ US EPA. August 2014. "Health Risk and Exposure Assessment for Ozone (Final Report)." EP A-452/R-14-004a-e. 

US EPA. August 2014. "PQlicy Assessment for the Review of the Ozone National Ambient Air Quality Standards." EPA-452/R- 
14-006 
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uncertainty. EPA's own cost benefit analysis would make the ozone rule one of the most 
expensive air regulations ever at over $15 billion. More complete industry assessments 
put the economy-wide annual cost ten times higher with significant energy cost 
increases and job losses. The revisions could place most of the country in 
nonattainment, putting five times more paper and wood product mills at risk and having 
to spend over two billion dollars to comply while losing business opportunities due to 
permit restrictions. Our industry already has invested billions of dollars to help make our 
air clearer while making products essential for everyday life. 


Conclusion 

Given the significant scientific uncertainties and large economic impacts, AF&PA and 
AWC recommend that EPA retain the current standard of 75 parts per billion as 
protective of public health and not set a different secondary standard. 


For additional information, please contact 
Erik Heilman, Director of Government Affairs 
AF&PA 

1101 KSt. NW. Suite 700 
Washington, DC 20005 
202-463-2792 

Sarah Dodge-Palmer, VP of Government Affairs 
AWC 

1101 K St NW, Suite 700 
Washington, DC 20005 
202-462-2788 
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Submitted by Representative Frank D. Lucas 


AMERICAN FARM BUREAU FEDERATION' 

600 Maryland Ave. SW \ Suiie 1000W | Washington, IX 20024 


ph. 202.406.3600 
f, 202.406.3606 
www.fb.org 


March 9,2015 

The Honorable Gina McCaithy 
Administrator 

U.S. Environmental Proleclion Agency 
1200 Pennsylvania Ave., NW 
Washington, D.C. 20460 

RE: Rocket .(O No. .EPA~HQ~ OAR-2008-0699 ~ National AmSiient Air Quality Standards 
for Ozone 

Dear Administrator McCarthy, 

The American Farm Bureau Federation (farm Bureau) is the nation’s largest general fann 
organization, representing agricultural producers of nearly every type of crop and livestock 
across all 50 states and Puerto Rico. We have a vital interest in enhancing and strengthening the 
lives of farmers and ranchers. Farm Bureau appreciates this opportunity to provide comments 
regarding the proposed revisions to the existing National Ambient Air Quality Standards 
(NAAQS) for ozone published in the Federal Register on Dec. 1 7, 20 1 4. The proposed revisions 
tighten primary (health based) and secondary (welfare-based) standards, a move that will impose 
real and significant costs while providing uncertain and unverified benefits. Farm Bureau is 
concerned about the difficulty regulating volatile organic compounds (VOCs), nitrogen oxides 
(NOx), and other potential ozone precursors from agriculture and the chilling effect of these 
standards on the economy as a whole. 

In the presence of heat and sunlight, atmospheric reactions of NOx and VOCs emitted from 
various biogenic and anthropogenic sources produce ozone. VOCs are defined in 40 CFR 
51 .100 as “any compound of cai'bon, excluding carbon monoxide, carbon dioxide, carbonic acid, 
metallic carbides or carbonates, and ammonium carbonate, which participates in atmospheric 
photochemical reactions.” NOx are created from lightning, soil microbial activity, burning 
biomass, and fuel combustion. The Clean Air Act directs the EPA to set NAAQS for ozone at a 
level that is protective of human health and the environment, and to regulate both VOC and NOx 
emissions as ozone precursors. 

For each state with areas not attaining the ozone NAAQS, EPA provides guidance to the state to 
develop its State Implementation Plan (SIP) to attain the standard by a required attainment date. 
Since 1970, EPA's .strategy to reduce tropospheric ozone levels in nonattainment areas has 
focused mainly on reducing the total mass of VOC emissions. In the 1990s, the EPA developed 
a strategy' to reduce NOx. The NOx reduction strategy and the VOC reduction strategy have 
helped decrease ozone levels. Since 1980, ozone forming emissions have already been cut in 
half and average ozone concentrations have dropped by 33 percent over the same period. EPA 
just updated ozone standards six years ago. These current standards arc behind schedule due to 
EPA effectively suspending their implemenlalion from 2010-2012 while die Agency 
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unsuccessfully pursued reconsideration. We can expect to see even greater reductions in ground- 
level ozone as states make up lost ground in putting the current standards into effect. 

States are currently committing substantia! resources — both in time and money - towards 
achieving emissions reductions under current ozone standards, Y et, despite over three decades 
of cleaner air, EPA is now proposing a new stringent range of standards from 70 to 65 parts per 
billion that would bring vast swaths of the country into nonattainment. In some areas, the 
proposed range is at or near the level of background ozone that is naturally occurring or 
internationally transported, pushing even rural counties far fi'om industrial activity into 
nonattainment. In the past, lower ozone standards were reached by requiring industrial facilities 
to insitall control equipment for NOx and VOCs. Large power plants historically have been a 
relatively cost-efficient way to achieve NOx reduction, but those opportunities are quickly 
diminishing because the majority of existing coal-fired power plant capacity is equipped with 
some fonn of NOx controls and further controls are expected to be installed because of other 
EPA regulations. 

Although a relatively small contributor, agriculture produces VOCs (from pesticides and 
livestock) and NOx (from engines and other sources) that may be regulated through monitoring 
and control measures. Restrictions limiting NOx and VOCs may create a significant problem for 
agriculture. Control measures could be implemented that would: curtail production activities; 
restrict pesticide applications; designate/limit pe.sticide application times; eliminate pesticide 
availability; restrict animal agricultural feeding operations due to emissions from animal waste 
handling and storage; prescribe costly control measures for animal agriculture; and prescribe 
costly and wasteful control measures for certain food and agricultural processing industries. The 
domestic renewable fuels industry (ethanol and biodiesel) could be greatly affected by control 
measures required for a more stringent standard since they too can contribute to VOCs and NOx 
during manufacture and use. 

Agriculture also will be indirectly impacted by costs passed on to the consumer from special 
requirements for vehicles and fuels (diesel trucks and farm equipment), restrictive pennitting 
requirements that affect plant expansions, and the loss of federal highway and transit funding. 
Farming and ranching are energy-intensive businesses. Fanners and ranchers depend on reliable, 
afibrdable sources of energy in their daily operations- including using tractors and operating 
dairy barns, poultry houses and irrigation pumps. For farmers and ranchers that compete in a 
global economy, higher energy costs and fewer transportation options not only hurt 
competitiveness, but can detennine farm viability and prosperity. 

If finalized, EPA’s proposed stringent ozone standards could limit business expansion in nearly 
every populated region of the U.S. and impairs the ability of U.S. companies to create new jobs 
and agriculture to remain competitive. Local communities will face burdens to commercial, 
industrial and agricultural activity not only vital to creating jobs, but also to providing tax 
revenue that support local services like public safety and education. This is of great concern to 
Farm Bureau, whose mission is not only to increase the viability of fanners and ranchers but to 
improve the quality of life in rural communities. This proposal’s hardship to rural America is 
real and immediate, while the benefits are unverified and uncertain. 
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Building a new facility or performing major modifications to certain existing facilities that result 
in increased ozone concentrations in, or near, a nonattainment area will require permits that meet 
the most stringent Clean Air Act standard by installing the most effective emission reduction 
technology regardless of cost. In addition, states are mandated to offset any ozone-forming 
emissions from new projects or projects undergoing major modifications by reducing emissions 
from other existing sources in a nonattainment area. If no party is willing to provide offsets, then 
the project cannot go forward. Nonattainment designation also has profound impact on 
infrastructure development vital to the agriculture community. Beginning one year from the date 
of the nonattainment designation, federally-supported highway and transit projects cannot 
proceed in a nonattainment area unless the state can demonstrate that the project will cause no 
increase in ozone emissions. 

The restrictions do not disappear when an area finally comes into attainment. Instead, former 
nonattainment areas face a legacy of EPA regulatory oversight. Before a nonattainment area can 
be redesignated to attainment, EPA must receive and approve an enforceable maintenance plan 
for the area that specifies measures providing continued maintenance of ozone standards and 
contingency measures to be implemented promptly if an ozone standard is violated. 

In closing, the stringent new ozone standards have the potential for damaging economic 
consequences across the entire economy and would place serious restrictions on farmers, 
increasing input costs for things like electricity, fuel, fertilizer and equipment. Further, as ozone 
standards are ratcheted down closer to levels that exist naturally, more fanners will be forced to 
abide by restrictions on equipment use and land management, making it harder to stay in 
business. EPA’s own estimates show that a new ozone rule could cost tens of billions of dollars 
per year and independent estimates indicate that the costs will likely be much higher, putting 
millions of jobs at risk. A new ozone rule has the potential to be ihe most costly regulation in our 
nation’s history. 

In light of the economic hardship a new ozone standard would cause to farmers throughout the 
country, including the reduction in funding for crucial civic services, and only providing 
uncertain benefits, Farm Bureau encourages the EPA to retain the existing ozone standard in the 
final rule. Our country’s farmers cannot afford a stricter ozone standard. 

Sincerely, 

Dale Moore 
Executive Director 
Public Policy 
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Submitted by Committee Chairman Lamar Smith 

I Joaqiii fallef ^ ^ _ 

. , lllllTfOM eOSTSOL OfSTRfCT rj tJIIG' 

2015 Federal Clean Air Act Modernization Proposal 


Since its adoption, the Clean Air Act has fed to significant improvements in air quality 
and public health benefits throughout the nation. In many areas of the nation, air 
pollution levels have been reduced to historical lows. We support the well-intentioned 
concepts in the Clean Air Act that call for routine review of health-based air quality 
standards, clean air objectives that are technology-forcing, and clean-air deadlines that 
ensure expeditious dean-up and timely action. 

The Clean Air Act was last amended in 1S90, Over the last 25 years, tocai, state, and 
federal agencies and affected stakeholders have learned important lessons from 
implementing the law and it is dear now that a number of well-intentioned provisions' ifi 
the Act are leading to unintended consequences. This experience can inform efforts to 
enhance the Clean Air Act with much needed modernization. The following proposal is 
designed to provide specific language aimed at improving the Act’s effectiveness and 
efficiency. 

1. PROBLEM; Since the 1970's, EPA has established numerous ambient air quality 
standards for individual pollutants. We have now reached a point where various regions 
throughout the nation are subject to multiple iterations of standards for a single 
pollutant. For instance, there are currently 4 peoding standards for ozone and 4 
pending standards for PM2.5, Each of these standards requires a separate attainment 
plan which leads to multiple overlapping requirements and deadlines. This in turn 
results in a great deal of confusion, costly bureaucracy, and duplicative regulations, all 
without corresponding public health benefits. 

SOLUTION: When a new standard is published, the old standard for that pollutant 
should be subsumed. States should be allowed to develop a single attainment plan that 
harmonizes inerements of progress and other milestones without allowing for any 
rollback or backsliding, 

PROPOSED AMENDMENTS: To avoid duplicative requirements and confusio'n, the- 
REP milestones must be synchronized when a new standard is published, for any 
region 'with a pending implementation plan for an older version of the standard for that 
pollutant. Towards that end, the first RFP milestone for the new standard should be 
aligned with the next required milestone for the old standard. The reductions required 
for aligned milestones shall be either 3 percent of the baseline for the new standard or 
the RFP emission reduction targets established under the existing plan, whichever is 
greater. 
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For ozone, add new subsection 182(k) as follows; 

{k) RFP Milestone Alignment for Areas with Pending Attainment Plans 

Notwithstanding any other provisions of this section, the RFP milestones and emission 
reduction targets in areas that have submitted a plan to the Administrator for the older 
version of a standard for the same pollutant being addressed by a new standard shall 
be set as follows: 

The first RFP milestone for the new standard shall be set at the next RFP milestone 
date for the existing standard addressed in the current plan. Subsequent milestones 
will be every three years from the first milestone until attainment. The reductions 
required at the aligned milestones that address more than one standard shall be either 
3 percent of the baseline for the new standard or the RFP emission reduction targets 
established under the current plan for the older standard, whichever is greater. 

For particulates, add new subsection 189(c)(4) as follows: 

(4) RFP Milestone Alignment for Areas witit Pending Attainment Plans 

Notwithstanding any other provisions of this section, the RFP milestones and emission 
reduction targets in areas that have submitted a plan to the Administrator for the older 
version of a standard for the same pollutant being addressed by a new standard shall 
be set as follows: 

The first RFP milestone for the new standard shall be set at the next RFP milestone 
date for the existing standard addressed in the current plan. Subsequent milestones 
will be every three years from the first milestone until attainment The reductions 
required at the aligned milestones that address more than one standard shall be either 
those required for the new standard or the RFP emission reduction targets established 
under the current plan for the older standard, whichever is greater. 

2. PROBLEM: Mobile and stationary sources throughout the nation have now been 
subject to multiple generations of technology forcing regulations that have achieved 
significant air quality benefits. Meeting the new standards that approach background 
concentrations call for transformative measures that require time to develop and 
implement. These transformative measures require new technologies that in many 
cases are not yet commercially available or even conceived. The formula-based 
deadlines and milestones that were prescribed in the Act 25 years ago now lead to 
mandates that are impossible to meet. 

SOLUTION: In establishing deadlines and milestones, the Act should be amended to 
require control measures that lead to the most expeditious attainment of health based 
standards while taking into account technological and economic feasibility. These 
deadlines and milestones should also consider background pollution concentrations and 
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the region's geography, topography, and meteorology that affect pollutant formation and 
dispersion. 

PROPOSED AMENDMENTS: 

In relation to RFP targets for ozone, amend subsection 182(b)(1)(A)(ii)(lll) as follows: 

the plan reflecting a lesser percentage than 15 percent includes all measures that can 
feasibly be implemented in the area, in light of technological achievability and economic 
feasibility . 


In relation to RFP targets for ozone, amend subsection 1 82(c)(2)(B)(ii) as follows: 

an amount less than 3 percent of such baseline emissions each year, if the State 
demonstrates to the satisfaction of the Administrator that the plan reflecting such lesser 
amount includes all measures that can feasibly be implemented in the area, in light of 
technological achievability and economic feasibility . 

in relation to RFP targets for ozone, amend subsection 182(e) as follows: 


Each State in which all or part of an Extreme Area is located shall, with respect to the 
Extreme Area, make the submissions described under subsection (d) of this section 
(relating to Severe Areas), and shall also submit the revisions to the applicable 
implementation plan (including the plan items) described under this subsection. 4??e 

l e ss than 3 porcont), t The provisions ofparagaphs [6] (6), (7) and (d) of subsection (c) 
of this section (relating to de minimus [7] rule and modification of sources), and th e 
provisions of clause -( ii) - of subs e ction (b) (4 }(A) of this B e otion-( fe l a t i ng - te r e ductions of 
l e ss than t S- p e rc e nt) shall not apply in the case of an Extreme Area. For any Extreme 
Area, the terms ‘major source" and "major stationary source" includes [8] (in addition to 
the sources described in section 7602 of this title) any stationary source or group of 
sources located within a contiguous area and under common control that emits, or has 
the potential to emit, at least 10 tons per year of volatile organic compounds. 


In relation to RFP targets for particulates, amend subsection 189(c)(1) as follows: 

Plan revisions demonstrating attainment submitted to the Administrator for approval 
under this subpart shall contain quantitative milestones which are to be achieved every 
3 years until the area is redesignated attainment and which demonstrate reasonable 
further progress, as defined in section 7501(1) of this title , and which take into account 
technological achievability and economic feasibility, toward attainment by the applicable 
date. 
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In relation to the attainment deadlines for ozone: 

Amend section 181(a) by adding the following new subsection 181(a)(6): 

Notwithstanding table 1, if an area is already classi^ed as extreme for an existing 
standard, then the area shall be classified as extreme at the time of designation for the 
new standard. 

Amend section 181(a) by amending table 1 as follows: 

TABLE 1 


Area class 

Design value* 

Primary standard attainment date*' 

Marginal 

0.121 up to 0.138 

3 years after November 15, 1990 

Moderate 

0.138 up to 0.160 

6 years after November 1 5, 1990 

Serious 

0.160 up to 0.180 

9 years aker November 15, 1990 

Severe 

0.180 up to 0.280 

1 5 years after November 1 5, 1990 

Extreme 

0.280 and above 

20 years after Nevember4§r4999 


As prescribed in section 181(aH7) 


Amend section 181(a) by adding the following new subsection 181(a)(7): 

Areas shall attain the standard as expeditiously as possible with the most effective 
measures that take into account technological achievability and economic feasibility. 
The area shall quantify reductions needed to achieve attainment consistent with section 
182(e)(5). Every 5 years after the plan is approved by the Administrator, the area shall 
demonstrate that all measures that are technologically achievable and economically 
feasible are implemented or will be included in the plan to ensure expeditious 
implementation. The plan shall also include measures for advancing the development 
and deployment of new technologies. 


Amend section 1 82(e)(5) as follows: 


(5) New technologies 

The Administrator may, in accordance with section 7410 of this title, approve provisions 
of an implementation plan for an Extreme Area which anticipate development of new 
control techniques or improvement of existing control technologies, and an attainment 
demonstration based on such i 
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3. PROBLEM: The Act as it relates to the demonstration of Reasonable Further 
Progress or Rate of Progress treats all precursors the same, regardless of their potency 
in harming public health or achieving attainment. Driven by a rapidly expanding body of 
scientific research, there is now a growing recognition within the scientific community 
that from an exposure perspective, the National Ambient Air Quality Standards metrics 
for progress are a necessary but increasingly insufficient measure of total public health 
risk associated with air pollutants. In particular, control strategies for sources of PM2.5 
and ozone do not necessarily account for qualitative differences in the nature of their 
emissions. For PM2.5, toxicity has been shown to vary depending on particle size, 
chemical species, and surface area. In the case of ozone, differences in the relative 
potency of ozone precursors, VOCs in particular, is not captured by a strict, mass-based 
approach to precursor controls. 

SOLUTION: The Act should be amended to allow states to focus efforts on meeting 
new standards in the most expeditious fashion through deployment of scarce resources 
in a manner that provides the utmost benefit to public health. Towards that end, we 
recommend a more strategic approach in which public health serves as the key factor in 
prioritizing control measures, regulated pollutants, and sources of emissions. In 
establishing Reasonable Further Progress or Rate of Progress, the Act should give a 
greater weight to pollutants that have greater impact on achieving attainment and 
improving public health. Additionally, in evaluating Reasonably Available Control 
Technology (FtACT), measures that reduce precursors with more impact on ozone 
formation should be given higher scores than measures that may reduce greater 
amounts of less potent ozone precursors. 
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For example, VOC compounds vary significantly in their contribution to the formation of 
ozone in the San Joaquin Valley. Similarly. NOx emissions reductions have been 
demonstrated to be approximately 20 times more effective than VOC emissions 
reductions in reducing the formation of ozone in the San Joaquin Valley. We therefore 
recommend that in demonstrating Reasonable Further Progress, EPA allow for an 
alternative approach that can demonstrate equivalent reductions in ozone 
concentrations as compared to the straight requirement of 3% per year reduction of 
VOCs and/or NOx. 

PROPOSED AMENDMENTS: 

Amend Section 182: 

(C) NOx control 

The revision may contain, in lieu of the demonstration required under subparagraph (B), 
a demonstration to the satisfaction of the Administrator that the applicable 
implementation plan, as revised, provides for reductions of emissions of VOC’s and 
oxides of nitrogen (calculated according to the creditability provisions of subsection 
(b)(1)(C) and (D) of this section), that would result in a reduction in ozone 
concentrations at least equivalent to that which would result from the amount of VOC 
emission reductions required under subparagraph (B). Within 1 year after November 15, 
1990, the Administrator shall issue guidance concerning the conditions under which 
NOx control may be substituted for VOC control or may be combined with VOC control 
in order to maximize the reduction in ozone air pollution. In accord with such guidance, 
a lesser percentage of VOCs may be accepted as an adequate demonstration for 
purposes of this subsection. The Administrator shall allow the use of NOx reductions in 
lieu of VOC reductions. The credit for NOx reductions shall be weighted in proportion to 
their effectiveness in reducing ozone concentrations in relation to the effectiveness of 
VOC reductions as demonstrated bv the attainment modeling submitted with the plan. 


4. PROBLEM: Requiring contingency measures in extreme nonattainment areas is 
irrational and unnecessary. The Act requires all attainment plans to include contingency 
measures, defined as extra control measures that go into effect without further 
regulatory action, if planned emissions controls fail to reach the goals or targets 
specified in the attainment plan. While requiring backup measures was a well- 
intentioned provision, it does not make sense in areas that have been classified as 
“extreme” non-attainment for ozone. These areas, by definition, have already 
implemented all available and foreseeable measures and still need a “black box” of 
future measures to define and employ. The term "black box” refers to reductions that 
are needed to attain the standard, but technology to achieve such reductions does not 
yet exist. No measures are held in reserve in areas that are classified as “extreme” non- 
attainment for ozone. With no stones left unturned in such plans, requiring contingency 
measures in such areas makes no sense. 
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SOLUTION: We recommend that the Act be amended to eliminate the requirement for 
contingency measures in areas classified as "extreme" non-attainment by EPA. 

PROPOSED AMENDMENTS: 

Add to 172(c)(9) as follows: 

(9) Contingency measures 

Such plan shall provide for the implementation of specific measures to be undertaken if 
the area fails to make reasonable further progress, or to attain the national primary 
ambient air quality standard by the attainment date applicable under this part. Such 
measures shall be included in the plan revision as contingency measures to take effect 
in any such case without further action by the State or the Administrator. 
Notwithstanding this or other sections, contingency measures shall not be required for 
extreme ozone nonattainment areas. 


5. PROBLEM: The Act requirements for severe and extreme ozone nonattainment 
areas to address vehicle-related emissions growth must be clarified. Section 
182(d)(1)(A) requires such areas to develop enforceable transportation control 
measures (TCMs) and transportation strategies “to offset any growth in emissions from 
growth in vehicle miles traveled ... and to attain reduction In motor vehicle emissions as 
necessary." An area’s vehicle miles traveled (VMT) may increase due to increases in 
population (i.e., more drivers), people driving ^rther (i.e., sprawl), or increases in pass- 
through traffic (i.e., goods movement). 

Historically. EPA’s section 182(d)(1)(A) approach has allowed the use of vehicle 
turnover, tailpipe control standards, and the use of alternative fuels to offset the 
expected increase in VMT. This has allowed for the actual emissions reductions 
occurring from motor vehicles to be considered in meeting the applicable requirements. 
A recent Ninth Circuit Court decision, however, has called EPA's current approach for 
demonstrating the offsetting of vehicle mile-related emissions growth into question, and 
has forced EPA to reevaluate its approach. Any change in approach that would require 
regions to offset vehicle growth regardless of population growth, and without recognition 
of emission reduction measures such as vehicle turnover and tailpipe control standards, 
would have a significant impact on many regions’ ability to develop an approvable 
attainment strategy and, under a strict interpretation, would actually render attainment 
impossible. Many TCMs and transportation strategies have already been implemented 
in nonattainment areas, and remaining opportunities are scarce and extremely 
expensive to implement, with relatively small amounts of emissions reductions 
available. A less inclusive section 182(d)(1)(A) approach would effectively penalize 
nonattainment areas for having population growth, and would not give credit to the 
significant emissions reductions being achieved from motor vehicles. 

To illustrate this issue, such an interpretation applied to the District’s 1997 8-hour ozone 
standard attainment plan would require the elimination of 5,1 million vehicles, while the 
vehicle population of the Valley is projected to be only 2.6 million vehicles in 2023. 
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EPA recently established new guidance to address this issue that provides a potential 
path for reasonably addressing this CAA requirement. However, the path provided 
under this guidance will undoubtedly be challenged in court as it is utilized by regions 
like the San Joaquin Valley in the coming years. To provide certainty moving forward, 
the CAA should be amended to clearly include the methodology for reasonably 
satisfying this requirement. 

SOLUTION: The Act should be amended to allow states to take credit for all 
transportation control measures and strategies and not punish areas that have 
implemented transportation control measures and strategies that have achieved early 
reductions in emissions. 

PROPOSED AMENDMENTS: 

(1) Vehicle miles traveled 

(A) Within 2 years after November 15, 1990, the State shatt submit a revision that 
identifies and adopts specific enforceable transportation controi strategies and 
transportation control measures to offset any growth in emissions from growth in vehicie 
miies traveied or numbers of vehicle trips in such area and to attain reduction in motor 
vehicle emissions as necessary, in combination with other emission reduction 
requirements of this subpart, to comply with the requirements of subsection [5] (b)(2)(B) 
and (c)(2)(B) of this section (pertaining to periodic emissions reduction requirements). 
The State shall consider measures specified in section 7408(f) of this title, and choose 
from among and implement such measures as necessary to demonstrate attainment 
with the national ambient air quality standards; in considering such measures, the State 
should ensure adequate access to downtown, other commercial, and residential areas 
and should avoid measures that increase or relocate emissions and congestion rather 
than reduce them. As new ozone standards are established, for areas that have 
implemented early transportation control strategies and transportation control 
measures, the baseline for demonstrating compliance under this subsection shall 
remain fixed at 1990 independent of the baseline date for the new plan. 
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Zachary Levinson, Anthony Damico, }uUette Cubanskl, and Tricia Neuman 


During recent deficit reduction discussions. policiTtiakers have debated whether to increase Medicare beneficiaries' 
contributions toward their medical care and reduce the costoflmng adjustment to Social Security benefus. Having a 
clear picture of the extent of poverty among seniors, both nationally and at the state level, is important in the context 
of these debates. Traditionally, the Census Bureau has estimated poverty rales using the ••otneinT’ poverty measure, 
which was created in the early .1960s. Some have expressed concern that the official measure is outdated and does 
not accurately reflect individuals’ incomes or financial resources. 

In response, the Census Bureau released an alternative measure for the first time in 2011, known as the supplemental 
poverty measure, which defines income and poverty differently than the official measure. The Cen.sus .Bureau has 
reported th?At poverty rates among the elderly (those ages 65 and older) are higher under the supplemental poverty 
measure (15%) than under the official poverty measure which is due in large part to the fact that the former 
deducts health expenses from income.’ 

This analysis looks beyond the national data to examine results by state. The brief describes the two measures of 
poverty and examines the share of seniors living in poverty and the share of seniors with modest incomes (defined 
here as below 200 percent of poverty), by .state, under both measures, based on pooled data from the 2009 to 2011. 
Current Population .Surveys. 

Key Findings 

Senioks Living in Poverty, by State: 

» The share of seniors living in poverty is higher in every state under the supplemental measure than under 
the official measure,"' and at least twice as high in 12 states: California, Colorado, Connecticut, Hawaii, 
Massachusetts, Maryland, Minnesota, New Hampshire, New lersey, Nevada, Wisconsin, and Wyoming. 
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» The share of seniors living in poverty under the supplemental measure is especially high in some areas. Based 
on the supplemental tneasure, about one in four seniors (26%) are living in poverty in DC and roughly one 
in hve seniors are living in poverty in six states: California {20°--'b); Hawaii, Louisiana, and Nevada {i9'>o). and 
Georgia and New York (t 8 ‘> 4 ). 

Seniors with Ihcomes Below 200 Percent of Poverty, 8yState: 

» Nationaliv, nearly half ofall seniors (/jS'yb) live with incomes below 200 percent of the poverty threshold under 
the suppleineiital measure, compared to 34 percent under the official measure.-* The share of seniors with 
incomes below 200 percent of poverty is higher under the supplemental measure in every state than under the 
official measure.'' 

» Under (he supplernenta! measure, at least two-fifths of seniors (40%) have incomes below 200 percent of poverty 
in ijS states and in DC; using the official measure, this is the casein only six states. 

» At least half of seniors have incomes below 200 percent of poverty in 10 states and DC based on the supplemental 
measure: DC (59T<i); California (56%); Hawaii (55%); Georgia {54%): Louisiana. New York, Rhode Isiaitd, and 
Tennessee (52'Vb): ITorida and Mi.ssissippi (siTfi); and Arizona (50%). 

Background 

The Census poverty measure is used to provide official statistics of the share of Americans living in poverty.- Under 
this measure, poverty thresholds are set at three times the subsistence food budget from 3963 (adju-sted for inflation) 
and vary based on the size of a family and the age of its members. Among one- and two-person families, thresholds 
are lower for units with elderly members. For example, in 2011, the poverty threshold (which is different from the 
“federal poverty level”) was $11,702 for an individual under age 65. but $10,788 for an elderly individua!.'' - When 
comparing incomes to this threshold, the Census Bureau includes all monetary income (.such as income from a job 
and Social Security benefits) prior to taxes.'^ 

The Cen.sus Bureau’s supplemental poverty measure is based on recommendations of a :i995 National Academy of 
Sciences Panel and differs from the official measure in several ways, including the following: 

» Poverty thresholds. The supplemental measure bases poverty thresholds on more recent patterns of expenditures 
on basic nece.ssities (with a small additional allowance) and adju.sfs them to reflect homeownenship status and 
regional differences in housing prices. For example, under the supplemental measure, the poverty ihre-shold 
was about $9,500 for a single homeowner without a mortgage living in Charlotte, North Carolina, but was about 
$36,300 for a homeowner with a mortgage living in San Jose, California. Unlike the official poverty threshold, the 
supplemental poverty threshold does not dilTerentiate between adults above and below age 65.^ 

» Resources. When measuring family resources, the supplemental measure adds to monetary income the value 
of tax credits and in-kind government benefits (such as food stamps) received. It deducts Job-related expenses 
and ia.xe.s from income, as well as out-of-pocket expenses on health care.’" This last deduction is especially 
important from the perspective of people ages 65 and older, who devote a substantial portion of their incomes to 
health expenses. In 2009, halfofseniors spent at least 16% of their income on health care.’* 


t£te-by-Siaie Snapshot of Poverty .Among Seniors; Findingsfroni Anaiysrsof theSupp'emsnta! Poverty Measure 
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ILLUSTRATIVE EXAMPLES - COMPARING POVERTY UNDER THE OFFICIAL AND SUPPLEMENTAL MEASURES: 

john is a 70 year-old man in LouisvMIe, Kentucky who owns a home with a mortgage and lives alone, in 2011, 
his sole source of income was $17,500 in Social Security benefits. John. had a stroke that year, and incurred 
substantial out-of-pocket health expenses of $8,000 as a fesult. 

» Under the official poverty measure, Doris does NOTfalt under the poverty threshold, in determining 
John’s poverty status, this measure only looks at John’s income of $ 17 .sqo . which is higher than the 
nationwide official poverty threshold of about $10.800 for an elderly individual who lives alone. 

» Under the supplemental measure, however, John lS counted as being in poverty, mainly because of his 
high medical expenses. In determining John’s poverty status, this measure subtracts the value of his 
medical expenses ($8,000) from his Income of $17,500, leaving resources of Sq.soo . The supplemental 
poverty threshold for a homeowner with a mortgage living alone in Louisville is about $10,700 . 

Doris is an 85 year-oid widow who rents an apartment in Miami, Florida. In 2011, her sole source of income was 
$12,000 in Social Security benefits. She spent $500 oh out-ofipocket health care expenses. 

» Under the o^c/o/ poverty meosi/re, Doris does NOT fall under the poverty threshold. In determining her 
poverty status, this measure only looks at Doris’s income oF $i2. 000 . This is higher than the nationwide 
official poverty threshold of about $10.800 for an eidferly individual who lives alone. 

» Under the supplemental measure, however, Doris IS counted as being in poverty because she lives in an 
area with a high cost of living. In determining Doris’s poverty status, this measure subtracts her medical 
expenses of $500 from her incomeof $12,000, resulting in Sii.soo in income. Under the supplemental 
poverty measure, the threshold for single renters living in Miami is about $12.600 . This threshold is 
higher than under the official measure because the supplemental measure takes local cost.-of-tiving into . 
account, and renters in Doris’s area have relatively high living expenses. 


Projjonents of tJie supplemental measure argue that it is an improvement upon the official measure because it: provici.es 
a more up-to-date standard of the Income needed to meet basic needs; adjusts those standards to reflect regional 
variations in the cost of living; and more accurately conveys the income available to meet those needs by taking into 
account ta.x liabilities and credits, in-kind government benefits, and out-of-pocket medical and other expenses.’*' 

Others have been critical of the supplemental measure. One criticism is that medical spending is sometimes discretion- 
ary, which could Imply that the new measure may at times overstate the extent to which medical expenses crowd out 
spending on basic needs.”’’'' A broader criticism of income-related poverty measure.^, including both the official and 
supplemental measures, is that they do not consider the value of families’ assets, which could have especially impor- 
tant implications for .some seniors.” Another limitation of both measures is that they do not consider the risk of facing 
unaffordable medical expenses in the future, nor the extent to which individuals are insured against those risks, 

The poverty rates described in this brief apply to non-institutionalized seniors only, rather than the total Medicare 
population (which includes younger people wnlh disabilities). The rates presented in this paper are therefore lower 
than the poverty rates for the Medicare population as a whole because of the exclusion of noneiderly beneficiaries 
with disabilities (a population with much higher poverty rates than seniors) and the exclusion of seniors residing in 
facilities, who are more likely to have low incomes than seniors residing in the community. 


A State-by-State Snapshot of Poverty Among Seniors: Findings from Analysis of the Supplemental Poverty Measure 
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Findings 

Seniors Living in Poverty Nationwide. The supplemental poverty measure indicates that elderly poverty rates 
overall and at the state level are much higher than indicated by the official poverty measure. At the jiational level, 
this result is largely due to (he fact that the supplemental measure deducts health expenses from income, while the 
official measure does not.’' Based on pooled data from 2009-2011:*® 

» About one in ten individuals ages 65 
and older {gAld have incomes belo-w the 
poverty level using the official measure, 
compared 10 about one in seven {15%) 
when using the supplemental measure 
(see Figure 1]. The difference between 
the measures is not a.s pronounced 
amottg non-eider!y adults, and poverty 
rates among children are actually lower 
under the supplemental measure than 
they are under the official measure'- 
{althoLigh poverty rates are higher 
among children than seniors under both 
poverty measures, and considerably 
higher under the official poverty 
measure)."' 

» The share of elderly people with incomes under 200 percent of poverty is just over a third (34%) under (he officiai 
measure, but nearly one-half (48%) under the supplemental measure. Conversely, a smaller share of seniors has 
incomes above 400 percent of the poverty threshold under the .supplemental measure than under the official 
measure (t9‘Mi compared to 32'*A). 

Seniors Living in Poverty, by State. Poverty 
rates among seniors are higher in every state 
under the supplemental measure than they 
are under the official measured’ 

» Under the supplemental measure, at 
least ! 0 percent of seniors live in poverty 
in nearly eveiy state (ail states bur 
Iowa) and in DC; in contrast, under the 
official measure, senior poverty rates are 
below :io percent in most states C39) (see 
Figure 2 and Appendix Tables 1-3). 

» Under the supplemental poverty 
measure, 15 percent or more of seniors 
live on incomes below the poverty level 
in nearly half of the states (23) plus DC, 

but under the official measure, senior pov’erty rates are at or above 15 percent only in DC and Louisiana. 


Distribution of States by Percent of Residents Ages 65 and 
Older in Poverty, 2009-2011 

Comparison of Official Poverty Measure and Supplemental Poverty Measure estimates 


SO states * DC 


1 state * DC 

02imor highe 
Di5tt-19% i 
D - S*% 

■ less than 10 % 



1 State + DC 


Percent of People in the U.S. Ages 65 and Older, by Income 
as a Percent of Poverty, 2009-2011 

Campoiison of Official Poverty Measure ar\a Supplemental Poverty Measure tsiimaies 
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The simre of seniors living in poverty under 
fho Bupplenienia! measure is especially high 
in some states; 

» In DC, about one In four seniors (26%) 
ilve in poverty under the supplemental 
measure, compared to ]6 percent under 
the nf!ici,ai measure fsee Figure 3 and 
Figure 4).''''’ 

» In California, one-fifth of seniors (20%) 
live in poverty under the supplemental 
measure, compared to 8 percent under 
fhe ofiirial measure. 

» Nearly one in five seniors live in poverty 
in another five states, including Hawaii, 

Loui.siana, and .Nevada (19%) and 
Georgia and New York (rS'yo). 

While the share of seniors in poverty is 
higher under the supplemental measure than 
the oiTicial measure in every stale, the differ- 
ence is especially large in some states. For 
example: 

» In t2 states, poverty rates among 
seniors are at least twice as high under 
the supplemental measure as they are 
under the official measure: California, 

Colorado, Connecticut, Hawaii, 

Massachusetts, Maryland, Minnesota, 

New Hampshire, New Jersey, Nevada, 

Wisconsin, and Wyoming (see Figure 5). 

» Tn New Hampshire, the share of seniors living in poverty is nearly three times as high (17% under the 
supplemental measure compared to under the official measure). 

The difference between theolficial poverty measure and the supplemental poverty' measure may vary geographically 
for several reasons, including state income di.siributions; differences in housing prices, which are factored into the 
supplemental poverty thresholds: variations in health utilization and costs, since medical expenses are deducted 
from income under the supplemental measure but not the official measure; and differences in the generosity of state 
Medicaid programs, which affects medical expenses. 




Percent of individuals Ages 65 and Older With Incomes Below 
100?i of the Official Poverty Threshold, by State, 2009-2011 



firure* 

Percent of Individuals Ages 65 and Older With Incomes Below 
100% of the Supplemental Poverty Threshold, by Slate, 2009-2011 
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Seniors with incomes Beiow 200 Percent 
of Poverty, by State. As is the case with 

poverty rates, the share of seniors with 
incomes below 200 percent of poverty is high- 
er undei' she siippiemental measure in every 
state than it is under the official measure, 
based on ponied data from 2009-2011 (see 
Appendix Tables 1-3).’* Under the supple- 
mental measure, at least two-fifths of seniors 
have incomes below 200 percent of poverty in 
nearly every state fall but North Dakota and 
Souili Dakota) plus DC. In contrast, under 
the official measure, this is only (he case 
in six states {Arkansas, Georgia, Kentucky, 

Louisiana. .Viississippi, and Tf?nne.ssee), 

In 10 states and DC, at least half of seniors 
have incomes beiow 200 percent of poverty 
under the .supplemental measure. For 
example: 

» In DC, nearly three-fifths of seniors 
{59‘/^>) have incomes below 200 percent 
of poverty under the supplemental 
measure, compared to 37 percent under 
the official measure. 

» In California, 36 percent of seniors have income.s below 200 percent of poverty under (he .supplemental 
measure, compared to 33 percent under the official measure. 

» In Hawaii, 55 percent of senions have incomes below 200 percent of poverty under the supplemental measure, 
compared to 30 percent under the official mea.sure. 

Although the share of seniors with incomes beiow 200 percent of poverty is higher in every .state under the supple- 
mental measure than under the official mea.sure, the share ks much higher in some states. For example; 

» The share of seniors with incomes below 200 percent of poverty is at least 20 percentage points higher under the 
supplemental measure than it is under the official measure in California, Hawaii, and DC. 

» This is aLso true in Maryland, where nearly one-half of seniors have income.? below 200 percent of poverty 

under the supplemental measure, compared to |ust over one-quarter (27%) under the official measure. 

» The difference is also greater than 20 percentage points in Connecticut, where 46 percent of seniors have 
incomes below 200 percent of poverty under the supplemental measure, compared to 26 percent under the 
official !nea.sure. 


Percent of People Ages 65 and Older in 
Poverty, by State, 2009-2011 

States where the poverty rate is at least twice as hish under the supplemental measure 


9 Official 
iiSuppiementa! 


Caiifomia 

■■■■■HHBMHBnnSi <70.1: 


Hawait 


Nevada 


New Hampshire 


Maryiand 


New Jersey 

J17% 



Massachusetts 

1 1 

Colorado 




Minnesota 


Wyoming’ 


Connecticut : 


Wisconsin 

11% 


NOTE; OaU were pooled over three years. 

SOURCE: Current Population Stirvev. tOQ9. 7010, and 20U Annual Social and Econonilc 
SuK>lero«nt, 
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Discussion 

During recent deficit reduction discussions, policymakers have put forth a variety of proposais lo reduce Federal 
spending (hat would aiFect people on Medicare, including options that would shift costs onto beneficiaries by 
increasing the program's cost-sharing requirements or premiums and that would reduce Social Security benefits over 
time. This analysis provides context for that debate. Based on the Census Bureau’s suppleraenta! poverty measure, 
the poverty rate among people ages 65 and older is higher than is reflected in the official poverty measure, and is 
particularly high among .seniors in some states. With notable differences between the two measures, there is ongoing 
intere.st in asses-sing these methods for measuring poverty and the implications of each measure for public policy. 

Under the supplemental poverty measure, which deducts health spending from income, poverty rates could increa,se 
i f beneficiaries were required to pay higher cost sharing or premiums for Medicare. Medicaid would cover new 
cost-sharing retiuirements for some people, but many low-income beneficiaries do not receive Medicaid coverage. 
Proposed reductions in .Social Security benefits, such as imposing a slower rate of growth on benefits by using the 
chained Consumer Price Index in the cost-of-living update,”' would be expected to contribute to higher poverty 
rates among older seniors under both the suppiemenial and official measure over time. The .supplemental measure 
,sugge.sf.s that a greater share of seniors may already be struggling financially than is conveyed by the official measure. 

Methodology 

This analysis uses the 2009-2011 Current Population Survey March Annua! Social and Economic Supplement {CPS 
ASEC) for the official poverty figures, as well as the recently- released Supplemental Poverty Measures (SPM) Public 
Use Research Files - which are derived from the CPS ASEC - for the .supplemental poverty figures.'-’ Data were pooled 
across the three years to enable estimates and comparisons at the state level. To achieve consistency across the three 
years of data, the analysi,? used the revised 2009 and 2010 SPM files, which are weight-adjusted to the decennied 2010 
Census. Standard errors were calculated using the replicate weights and a Fay’s adjustment. All reported .statistics 
have a cell .size of at least one hundred observations and a relative standard error below 30 percent. 

The poverty rates described in this brief may ditfer from estimates reported elsewhere for a variety of reo-sons. One 
reason is because this analy.sis only includes individuals ages 65 and older. Poverty rates are much higher among 
non-eiderly Medicare beneficiaries with disabilities, which means that poverty rates are higher among the total 
Medicare popuiation (including both the elderly and non-elderly people with disabilities). The CPS ASEC also does 
not include seniors residing in institutions, who are more likely to have low incomes than seniors residing in the 
community. In addition, this analysis compares the incomes of family units to poverty threshokls, consistent with 
the approach defined by the o.fficjal and supplemental measures (although each defines families somewhat differ- 
ently). Relying on a unit ofmea.surement other than family units could produce different poverty rates. For example, 
health insurance units tend to smaller than family units, and poverty rates may be much higher when based on the 
former. Finally, the Census Bureau poverty thresholds analyzed in this brief are different than the Health and Human 
Seivices (HHS) “poverty guidelines” (al.so known as the “federal poverty leveP’} used by some progranrs to determine 
income eligibility, although the HITS poverty guidelines are a simplified version of the Census poverty thresholds. 


The authors gratefully acknowledge feedback on this brief from Dr. Trudi Renwick, Chief of the Poverty Statistics 
Branch with the Housing and Household Cconorrik Statistics Division of the U.S. Census Bureau 
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’ Kathleen Short. “The Research Suppicmcntal Poverty Measure: 2020,” The Census Bureois, November 2025 , h!tp://f.er!sus.gov/hhes/povrTie3s- 
melhadQlogy.r5i!pplemental/rese3rch/Short_ResearchSPM20}0.pdf and Kathleen Short, “The Research Suppiementai Poverty Measure: ann.'-' 
The Census Surecu. www.ccnsus.gov/prod/2022pubs/p60'244.pdf, November 2012. 

‘ The difference was statisticaiiy significant in DC arid at! but 14 states: Afabama, Arkansas, Iowa, Kansas, KcntiJcky. Louisiana, Missouri, North 
Dakota, New Mexico, South Carolina, South Dakota, Utah, Vermont, and West Virginia. 

The share of Medicare benenemries overall with incomes below 100 percent and 200 percent of the poverty ihreshoicls is higher than t or 
seniors, because poverty rates are higher a.mong disabled Medicare beneficiaries than among seniors. 

* The difterenre was statisticiiKy significant in DC and all but 9 states; Alabama, Arkansas, Iowa, Kentucky, Louisiana. Motitana. North Dakota. 
Oklahoma, and West Virginia. 

■' ‘'Frequently Asked Questions Related to the Poverty Guidelines and Poverty,” Health and Human Services Assistant Secretary of Planning and 
Evaluation, accessed on May S, aoi j, http;//3spe.hhs.gov/poverty/faq.cfm. 

** The ‘'federal poverty level” is a simplified version of the poverty threshold that is used in some instances to determine etigibitity for public 
assistance. 

^ "Poverty Thresholds feu 2012 by 5 Qe of Family and Number of Related Children Under 18 Years," The Census Bureau, http;//censLis.gov/hhes/ 
www./poverty/dafa/threshid/index.httnt. 

^ Short, “The ReserJith Supplemental Poverty Measure: 2011." 

Short, ‘The Research Supplemental Poverty Measure; aou.” 

Short, "The Research Supplemental Poverty Measure: 2011.” 

” Kaiser family foundation analysis of the CMS Medicare Current Beneficiary Survey 2009 Cost and Use File. 

’■ Rebecca M. Blank and Mark E. Greenberg, "Improving the Measurement of Poverty", The Brookings /nsf//uf/on. December 2008. www.brooklngs, 
cdu/research/papers/aooa/iz/povertv-measuromcnt-blank, 

John F, Cogari, "Measuring Poverty; A New Approach - Appendix A: Dissent, ’’ National Academy of Sciences, 1995. http: //nap, edu/openbook, 
php?recordJd=4759&pa8e=38|') and Bruce 0 . Meyer and lames X. Sullivarr., “Identifying the Disadvantaged: Official Poverty, Consumption 
Poverty, and the New Supplemental Poverty Mensure" Journal of Economic Perspectives 26. no.3 (2012). http://aeaweb.org/articles, 
php?dol--20.i257./jep, 26.3, 111. 

Analysts have also debated how to update the measure over time, although that discussion is less relevant to this brief, which provides a 
snapshot of poverty. According to the Census Bureau, the official and suppiententai poverty rates among the overall population differed by one 
percerttagf! point or less from 2009-2021. Overtime, official poverty thresholds will change with inflation, eifectiveiy maintaining their real 
value, while the supplemental thresholds will increase based on the 33rd percentile of expenditures on basic necessities (multiplied by 1.2}. 
Because the latter is based on actual spending patterns, supplemental poverty thresholds may increase overtime with improvements in the 
getverai standard of living, a feature that is debated among policy analysts (see for example Robert Rector and Rachel .Sheffield, "Obama's New 
Poverty Measure 'Spreads the Wealth',” National Revieiv. November, 9, 2011, http:/r'herit3ge.org/research/commentsi-y/2Ci7j/22/obamas-new- 
poverty-measure-spreads-f he-wealth and Blank and Greenberg. “Improving the MMsuremeoi of Poverty”). 

Meyer and Sullivan, "identifying the Disadvantaged; Official Poverty, Consumption Poverty, and the New Supplemental Poverty Measure.” 

The authors of the NAS report recommended developing a separate measure for such “medical care risk." Robert!. Michael et ai., "Measuring 
Poverty: A New Approach”, Notionol Academy of Sciences, 2995, http;,'ynap.edu/openbook.php?isbn=03090b5282. 

■' Based on I’ooy, 2020. and 2012 results from the Census Bureau, the national poverty rate for individuals ages 63 and nider would rrct differ 
subsl, antially under the supplemental and official measures if the former did not exclude medical expenses (Short. "The Research Supplemental 
Poverty Measure: 2012” and Short, "The Research Supplemental Poverty Measure: aoio”).The Censu.s Bureau also nates that eiderly poverty 
rates under the official and supplemental measures differ partially because the official poverty threshold is lower for families with seniors in 
some instances, vvhilethe supplemental poverty threshold does not differentiate behveen adults above and below age. 65. 
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Tiiis is veiy similar to analysis CDtiducted in Short. “The Research Supplemental Poverty Measure: 2011” and Short. “The Rcsear- h 
Supplemental Poverty Measure: 20sr..” However, this output includes pooled data from 2009-2011 to match the state-level analysis in this 
brief. 

This is in par! because of the inciusicrs of refundable tax credits and food stamps. Carmen DcNavas-Walt rort id P- . ' t a'--' n <-:c ( 

Smith, “Income, Poverty, and Health InsuranceCoverage in the United States: 2009.” September 2010, blip --.nsnsa v p s ?oi'- iL . 
p60-23B.pdf; Short, "The Research Supplemental Poverty treasure: 2011;" and Short, “The Research Stippl“iicer.f‘i v.- 1 v r^urc 20 

Poverty rates are higher among nonelderly Medicare beneficiaries with disabilities than among seniors und^r oo'htto ' lai^t^^L( _/ 
compared to 9%} and the supplemen'.al measure (25% compared to 15%). Unlike pov'erly rates among seno-s. p.^v^'-t/ amonij •’ n-i,. °tl, 
Medicare bonelTriaries with disabilities are lower under the supplemental measure than they are under the (Off;i.nl m'-iSLUL ht i > 

p.art reflect the comparatively high rates of Medicaid coverage and receipt of other federal assistance payment suc^ st^>. idf ‘vin ii^ 
nsin elderly .Medicare beneficiaries with disabilities relative to seniors. 

The cliffGieiTrc was stati.stically significant in DC and ai! but 14 states: Alabama, Artcansas. Iowa, Kansas. Kentticky. Louisiana. Missouri. North 
Dakota. Now Mexico, South Carolina, South Dakota, Utah, Vermont, and West Virginia. 

VVe did not assess whether the poverty rate among seniors in DC is also high reJative to other major metropniitan areas, due to limitations with 
the Current Population Survey (CPS) city data. CPS also inciudesdata on “core based statistical areas" (CBS As), which include 3 county cantain- 
ing 31 least one urban area of 10,000 people ot more and related regions nearby. The CBSA containing DC also includes olher areas in Ma.ryland, 
Virginia, and West Virginia, and has a lower senior poverty rate under the supplemental measure .'elative to DC alone (t8% compared !o 2fi%), 

Of the 30 largest CBSAs, the CBSA containing DC had the 12th highest supplememaf poverty rate among seniors, while the C85As containing 
San lose, Los Angeles, and Miami had the highest poverty rates (26%. 25%, and 24^0 respectively). 

The difference was statistically significant in DC and all but 9 states; Alabama, Arkansas, iowa. Kentucky, Louisiana, Montana. North D.akota, 
Oklahoma, and WestVIrginio, 

Social Security benefits are currenliy adjusted based on the consumer price index (specifically, the CPI-W) to reflect increases in the cost of 
living. Some deficit recom me ri elation proposals - irrcluding the proposals put forth by The National Commission on Fiscal Responsibility and 
Reform (sometimes referred to as "Simpson-Bowles’') and The Debt Reduction Task Force (sometimes referred to as “Oomenici-Rivlin") - have 
suggested updating Soda! Security benefits based on another version of inflation, knowri as the “chained” CPI. Because this measure tends to 
increase less quickly than the CPl-W, Social Security benefits would likely decline overtime. 

Available at: www.census,gov/hhe.s/povmeas/data/supplement3l./pablic -use.html. 
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iiFPS-St'tX L i iNSjiVIDUAlS AGES 65 AND OLDER WITH INCOMES BELOW 100% 

fiF r JVSRTS'' 20-i 

Below too% of the poverty threshold Below 200% of the poverty threshold 


State 

OFFICiAL POVERTY 

MEASURE 

Supplemental 

POVERTY MEASURE 

Percentage poikt 
difference 

Official POVERTY Supplemental 

MEASURE POVERTY MEASURE 

PERCENTAGE POINT 
DIFFERENCE 

LSlTfcv "TE 


15% 

6%* 

a4% 

: 48% 

.:^y' 



15% 

"5%*. 

33%'... 

i '47%. 




12% 


39% 

i 




15% 

.3% 

•.‘1 

i 5o3b 




15% 

6%* 

31% 

;. 42-fe 

i?"., ■ 



20%'. 

12%*. 

33".o 

; s6% , 




15% 

8%* 

28% 

i 42‘>! 

ii,....' 


6% 

13%' " ■ 

6%-* 

26% 

1 ..; 


i'f. 


26% 

10%' 

372i> 

i 59% 


Di:!aivarc 


1S% 

7%*- 

29'!b 

i 46%' '.' . 




17% 

9%* 

33-%, 

i 51% 



12% 

S8n 

6%* . 

42% . 

i: 54% ' 

nv.- 

H w, 

S , 

19% 

11%' 

30% 

i 55% 

.’S':;-' 

IHWS 

'>% 

H% 

2% 

33%.. 

' ■ ■ 1 41% 


kin ho 


35% 

' 6%* 

3 2 -.S' 

: 431b 


ttlinohr 

3'’'n 

>5% 

'7%' 

34%' '. 

... I 47% 

13%' ■ 

fntitana 

a% 

13% 

s%’ 

34% 

i 4S% 

14%' 




4%.. 

52% . 

. . .' 41% . ■ . 

9%* ■ 

KoiiviK.ky 


12% 

3% 

41% 

.; 48% 

y-i'o 

L(>ljlSl<)!ViV 

ISVo 

19% " , 

4%' 

45"s- 

42% 

6% ■■■ 

Ma5S3(:hiisfil;l'i 


16% 

9%* 

30% 

1 48% 

lO'A)* 

Macvtand 

8"s 


9%', • 

- 27% • 

: 4S%' ■ ■ 

21%' . 

Mainf? 

e% 

12% 

4%’ 

36% 

; 47% 

12%' 

MkhtgKfi. ■ . 

7% 

12% 

4%* : 

32%' " 

-i 44% . 

137.'... 

MiriJ^'isoUi 

7% 

14% 

7%* 

31% 

: 44% 

13%' 

Missouri 

7% . 

11% 

4% ' ■ 

35% 

; 43% ■ ■ ■ ' ■ 

8%*' ' 

Misfiissippi 

12% 

17% 

5%* 

43% 

■; 51% 

8%' 

Mootnria 

8%.' 

■ 12% • 

4%* 

.39%,.. 

; 45%. 

6% " 

North Carolina 

10% 

15% 

5%* 

39% 

: 47% 

8%' 

Norif; Dakota 

9% . ■ 

10%' ■ 

. 1%: . . 

30% ', 

i■■36% ... 

1^%.. 

Nrbrii'ika 

7% 

n% 

5%* 

30% 

j 40% 

i.i%‘ 

New Hampshire 

6% 

■ 17% " 


30% .. 

■■■•• i 49 % ; 


tk'w Ipv.soy 

gSi 

17% 

9%' 

30% 

i 49% 

19%' 

NfrfwMexifO" 

. 10%' ", ■ h ■ 

33%, . . 

•7% • ' 

36% 

i. 45%. 

9%-* 

Nei-sda 

9% 

19% 

10%* 

30% 

i 49% 

19'^“’ 

NfwYnrU 

■ ■■■■■■ 

".18%. . 

•7%* 

35% • ••• ■"•. 

i 52% ' .. .. 

17%'' 

Ohio 

8%. 

ii% 

3%* 

35% 

I 44% 

9%/ 

Oklnhorna '■ ■ 

7% . 

12% 

5%V •. . ' 

34% .' .. 

" i '.41% 

7%' 

OroKon 

7% 

11% 

4%' 

28% 

i 43% 

15%'' 

Penrisvlvantii. . 

9% 

14%' 

,5%* 

•35% 

i, 46% 

12%* 

Rhofls Island 

8% 

35% 

6%' 

36% 

: 52% 

i6%* 

South Caroiina 

ll^o . 

14% : 

3%. . '.... 

. 38% 

.. .. 47% 

9%'* ■ . 

South Dakota 

7% 

10% 

3% 

29% 

s 37% 

8%* 

lennetispf' ■■ ■ 

11%.' ■ 

16% . 

s%' .- .. 

42%. 

.. '■• i- 52% . 

10%' ' . . 

T'pkos 

T.1% 

17% 

6%* 

36% 

^ 47% 

11%' 

Utah 

7%.'. 

13% 


2S% 

. 43% ■ . . 

J5%* ■ 


9% 

13% 

4%‘ 

29% 

42% 


Verrioftt. 

9% ■ 

■32%'. '■. 

3% :'.' 

35% . 

: 47%. 

12%*. 

W;jshin<;ton 

7% 

11% 

5%' 

25% 

: 42% 

j6%' 

Wisconsin ' 

s%' ■ 

n% 

6%* '.. 

30% 

; 49% 

11%', . 

West Virginia 

9% 

11% 

2% 

3S5r, 

j 45% 

5% 

Wyoming 


14%'. . ■' . 

7%* " 

.33%. 

! 46% • • '. 

13%*. ... 
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I'PE 'f:, 2 PCRCfcKT OF NJiVfDUALS AGES 65 AND OLDER WITH INCOMES BELOW SOO% AND 200% OF 

rjVERlV, 2 i';:. 2013 SO-'iED bV ROVERTV HATES BASED ON THE SUPPLEMENTAL MEASURE 

BEiaW-100% OFTHE POVEHTYTHHESHOLO . • BELOW 200% OF THE POVERTYTHRESHOIO 



Officialpoverty 

Supplemental - 

Percentage 

Officialpoverty 

Supplemental 

Percentage 

State 

MEASURE 

poverty measure 

POINT DiFfEREHCE 

MEASURE 

POVERTYMEASURE 

POINT difference 

UMEP 


i5% 

6%* 

. 34% 

ttS% 



ih% 

2:6% 

10%* ., 

37% 

59% 

‘‘‘ ■ 



20% 

12%* 

33% 

53 - 




19% 

31%* 

30% 

ss"'- 





10%* 

} 30% 

40% 

JO'-.i' 


.IP,'':. 

■ t<5% ' 

4% . 


52% 

6v-:. 


1 

i8% 

7%’ 

: 35% 

52% 




38% 


i' 42% ■ 


.e ' 



17% 

9-%’ 

: 33% 

5l3r. 



irV- 

%r^- ■ ■ 

5%”. •. 

. 43% 

C'V 

S%*' 

N.v>',' H.a.-npsi-'if*,' 

(■'% 

17% 

' 

30% 

aoTo 

JO-,;- 

MjIVii’iKi 

•g’i’, 

17% . 


: 27% 

58'. 


u' V. s y 

5% 

17% 

9 * 

30% 

49% 

1-1 s' ; 

Tfix-'s 

I'.'.aj ■■ 

■17%. 

0--* 

. 36% 

<)7% ' 

'a ' ■ , 

Si’i* 

lis;. 

36% 

5%' 

:■ 42% 

52% 

ia%'' 

■■ 

?-■<’ ■ 

l6% 

9%* ■ 

■■ 3C% ' ' ■ 

58 ~ 

18%’' 

Ain'ikS 

10% 

15% 

5%* 

31% 

h 7 

10%’ 

Arkansiv.; 

!2%. .'■ ■ ■ 

15%' ■ • ■ 

3% ' 

: 44% . • 

5 o 5» . 


Nofih Lareikvi 

10% 

15% 

5%« 

r 39% 

47% 

S'-' 

Arizona 

9%"' 

15% . . ' 

6%* 

'• 31% 

42% . 


Oelawan-,' 

8% 

15% 

7%‘ 

: 29% 

4655 

17%'* 

toiora'di} 

7% ■ . 

15% 


- 283'c . • 

42%; "■ 

V5%'‘ ! 

!!!irioirv 

8% 

15% 

7%* 

34% 

47% 

13%* 

h'hodf'Hsland 


45%'' 

6%*.'". 

: 36%-;-- 

. 52%' ' ■ 

16%*... 

idaho 

8% 

15% 

6%* 

' 32% 

4.3% 

11%'' 

SiKith Carolina'" 



3% ,:.•■•• 

i 38% ., 

.47%''"' ■ "■ ■■ 

.9%^'" ■■■'■■ i 

Minni’scta 

■;% 

14% 

7%* 

, 31% 

44% 

13%* i 

P-(:'nri5iytv;.iniiV ■■■ ■ 

9% . ■ 

14%..'- 

5%*: ■•• •:• 

.•35%. 

■46% ■■■" 

12%'* ; 

Wyoming 

7% 

14% 

7%' 

: 33% 

46% 

13%’ i 

indiana 

8%. :. ■■ 


5%* • ' • : 

34% ■ ■■ ■■■ ■■•■ 

■ 483<^'■ '. 

14%''' "■.■■■ i 

Vif^irilis 

9% 

... 

4%’ 

: 29% 

42% 

13%* i 

. ConnficfJfin "■■■.■■ 


15%'; ■ ■ ' ■ 

6%*’". ; ’ 

26%'. ■■■ 

46% ■,. 

20%'* ■■ 

New Mexico 

10% 

15% 

2% 

36% 

45% 

9"'p.* 

Aisidama ■ '■ 

9% "'. 

12% ' ■ ■■ ' 


: 39%' 

45%' 


Maim? 

8% 

12% 

4%» 

• 36% 

47% 

i23f,* ; 

WontHiia 


12% ■. .■. . ■ ' ■ 


: 39% • 

45%, 

6% "'■■■ i 

Oiita hopn^i 

7% ... .. 

12% 

5%' 

: 34% 

41% 

7% 

Kflntucky:. 

9%'....'' 

12% '■ '■■■ ' ■ • 

3% 

41% 

■48% 

7%.. .' 1 

Mif.liiKisn 

7% 

12% 

6%'* 

. 32% 

44% 

13%* i 

Vormoin. 

9% 

. 12% ; . 

3% ' . 

-35% 

47% . 

. 12%* .■.'■■■. 

Oregon 

7% 

11% 


: 28% 

43% 

15%* 

Washirijfoi't 

7% . ■ ■ 

13% ' 

■5%’ 

25%' 

42% ■ ■■ ■■ 

16%*. . ' ■ 

M'issoiif'i 

7% 

11% 

4% 

35% 

43% 

S'* i 

Nebraska.. 

7% ■ ■ 

11% 

■$%* . .. 

: 30% 

40% 

U’b* ' i 

lia 

9% 

13% 

2% 

• 383t, 

43% 

5% : 

■■ ■■ 

7%' ■ 

ii% \ ;•■ 

4%. 

28% . 

43% 

15%*" : 

Ohio 

8% 

n% 

3%* 

35% 

44% 

9%' i 

\\ “ifi. '■i 

5% ■■■.■■. ■ 

11% 

6%* 

30% 

40% 

11%’ ' i 

K i s 

7% 

11% 

4"i» 

. 32% 

41% 

9'i * 

•North Dakota. . 

9% ■ ■ ■ 

30% "■ 

.1% ■"- 

. 30% ... 

36% 

&% . . 

sn C’k 

7-:'c 

10% 


29% 

37% 

R%'' 

Iowa ■ 


8%' '. . 

2% '. 

■ 33% . 

41% . _ 

8% 


V »y ir • - 

aies>ar st ’ a 
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Baton Rouge Area Chamber® 


Leading Economic Development 
in the Baton Rouge Area 


BRAC Public Policy Commentary: 

Eighteen of Twenty Top-Performing Metro Economies at Risk from New Ozone 

Standards 

Published on Monday, March 2, 2015 

Ali but two of the nation’s top twenty metropolitan area economies, as ranked by the Brookings 
Institution’s assessment of performance through recession and recovery, would fall into “ozone 
nonattainment’’ status if the Obama administration moves forward with its more aggressive 
regulatory plans for air quality, according to an analysis completed by the Baton Rouge Area 
Chamber (BRAC) 

The proposed National Ambient Air Quality Standards (NAAQS) for ground level ozone rule, 
issued by the Environmental Protection Agency (EPA) on December 17, 2014, is designed to 
lower the current NAAQS of seventy-five parts-per-billion (ppb) to a range between sixty-five 
and seventy ppb. Should the Obama administration push forward with a standard of sixty-five 
ppb, eighteen of the U.S.’s twenty top-performing metropolitan economies would find 
themselves in a regulatory posture of “nonattainment,” and all the regulatory consequences that 
entails. 
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Brookings Institute Metro Monitor - September 2014 


City/Area 


State 


Overall 

Rank 

(Recession 
+ Recovery) 


Ozone 

Design Value 
2011-2013 


Austin 

Texas 

1 

73 

Harris/ Houston 

Texas 

2 

82 

San Antonio/Bexar 

Texas 

3 

81 

Dallas 

Texas 

4 

84 

Oklahoma Gounty 

Oklahoma 

5 

79 

Davidson/Nashville 

Tennessee 

6 

70 

Provo/Orem 

Utah 

7 

73 

San Jose/Silicon Valley (Santa Giara) 

Galifornia 

8 . 

68 

Delaware/Golumbus 

Ohio 

9 

80 

El Paso 

Texas 

10 

72 

Denver/Boulder 

Golorado 

11 

79 

Portland 

Oregon 

12 

56 

Salt Lake 

Utah 

13 

76 

Raleigh/Durham 

North Carolina 

14 

71 

Omaha 

Nebraska 

15 

67 

Gharleston 

South Carolina 

16 

63 

Pittsburgh 

Pennsylvania 

17 

76 

Spartanburg/Greenville 

South Carolina 

18 

72 

Grand Rapids 

Michigan 

19 

74 

Baton Rouge 

Louisiana 

20 

75 


Brookings’ Metro Monitor tracks the performance of the one hundred iargest U.S, metropolitan 
areas on four indicators: jobs, unemployment, output (gross product), and house prices. The 
analysis of these indicators is focused on change during three time periods: the recession, the 
recovery, and the combination of the two (recession + recovery). 

Using the rankings from the Brookings combination assessment (recession + recovery), BRAG 
then cross-matched those metropolitan areas with their respective ozone design values 
(average of fourth highest readings over a period of three years), as compiled by the EPA. For 
instance, the Baton Rouge Area ranks as the twentieth best-performing metropolitan economy 
in the U.S.. with an ozone design value of seventy-five ppb (parts per billion).* 

it should also be noted that, while this analysis makes use of the design value computed for the 
three-year period covering 201 1 through 2013, the Baton Rouge Area was determined to meet 
the current standard (seventy-five ppb) in 2013 and again in 2014, and has continued to 
measure below 
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seventy-five ppb throughout its statistical area. Yet while the Baton Rouge Area continues to 
make this positive environmental progress, it also has firsthand experience with what it 
means to be in nonattainment - a status that could soon apply to almost all other top- 
performing metros. 

A report published by the National Association of Manufacturers in July 2014 assessed the 
potential economic impact of the proposed new ozone standards, but it also touched upon what 
“nonattainment” means in practical terms. As the report explained: 

“The greatest costs to comply with ozone regulations generally occur in nonattainment 
areas. The consequences for nonattainment are severe and can include a loss of 
industry and economic development resulting from increased costs, delays and 
uncertainties from restrictive permitting requirements; loss of federal highway and transit 
funding: requirements that any new emissions in the area be offset or the facility cannot 
be built; and technical and formula changes for commercial and consumer products.” 

Mary Martin, who serves as Energy, Clean Air and Natural Resources Policy counsel for the 
U.S. Chamber, has described how these restrictions translate into consequences: 

"[F]ailure to comply with existing ozone standards can lead to non-attainment 
designation, which are often viewed as a death knell for economic and business 
development in an area. 

“Indeed, severe repercussion[s] result almost immediately from non-attainment 
designation, such as increased costs to industry, permitting delays, restrictions on 
expansion, as well as impacts to transportation planning. There are significant adverse 
consequences to being designated a non-attainment area, making it substantially harder 
for a community to attract new business or expand existing facilities. Furthermore, in 
non-attainment areas, EPA is able to revise existing air permits, which can cause 
tremendous uncertainty, delays, and increased costs in the permitting process for 
businesses.” 

While the Baton Rouge Area Chamber believes in and stands for cleaner air and an improved 
environment, it continues to vehemently oppose the proposed reductions in ambient air quality 
standards from the current level of seventy-five ppb. 

Since the EPA first proposed lowering the ozone standard in December, the Baton Rouge Area 
has seen four major industrial projects totaling 2,000 direct and indirect jobs, and more than $7 
billion in capital investment, either put on hold or redirected elsewhere. These losses are in 
direct correlation with the uncertainty created by the newly proposed ozone standards rule. The 
direct impact on the Baton Rouge Area, in terms of new payroll created from the projects 
themselves, would have been over $86 million annually in wages for the local economy. Also, 
because these projects included foreign direct investment projects, they also represented new 
investment from multi-national corporations into the country. Federal regulations concerning 
NAAQS are having a direct, negative effect on competing U.S. goals for increasing 
foreign direct investment and exports. 



346 


BRAC Public Policy Commentary 

In the Baton Rouge Area case outlined above, these consequences came about merely from 
the regulation being proposed. Imagine the losses if it is actually implemented, losses not only 
for Baton Rouge but for other top-performing metros across the country. The implication is that 
U.S. government policy toward ozone, as proposed, runs in direct contradiction to America's 
economic goals. More time should be taken to plan solutions that avoid the negative effects on 
the national economy, and especially on the top-performing regional economies in the United 
States, 

'EPA recommends using the Core Based Statistical Area (CBSAi as the starting point to determine 
boundaries of ozone nonattainment. Based on this approach the highest monitored value of ozone in a 
CBSA was provided. 

About the Baton Rouge Area Chamber 

The Baton Rouge Area Chamber (BRAC) leads economic development in the nine-parish Baton 
Rouge Area, working to attract new companies and assisting existing companies with growth 
and expansions. T oday, BRAC investors include more than 1 ,300 businesses, civic 
organizations, education institutions, and individuals. In this capacity, BRAC serves as the voice 
of the business community, providing knowledge, access, services, and advocacy. More 
information is available at www.brac.orq . 

For more information, contact: 

Lauren Hatcher 

Director, Marketing Operations 

Baton Rouge Area Chamber 

225-381-7132 

lauren@brac.orq 
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STATE OF GEORGIA 

OFFICE OF THE GOVEHTOR 
ATLANTA 30334-0090 


Nathan Deal 

GOVERNOR 


Februai^' ao* 2015 


The Honorable Gina McCarthy 
Administrator 

U.S. Environmental Protection Agency 
laoo Pennsylvania Ave N.W. 

Washington, 0.C. 20460 

Dear Admitiistrator McCarthy, 

In the four decades since the Clean Air Act was signed into law, the State of Georgia 
has achieved unprecedented improvements to the quality of the air we breathe. We have done 
so while adhering to the core principle that protection of the environment must be balanced 
wth economic progress. It is for this reason that I, in my role a.s guardian of our state’s quality 
of life, oppose changing the National Ambient Air Quality Standard (NAAQS) for ground-level 
ozone at this time. 

Your agency is contempiating a N.AAQS so stringent that even some of our country’s 
pristine national parks may not be able to satisfy it. Many areas in Georgia have background 
levels of ozone at or near the levels under consideration, making it almost impossible for thetse 
cities and counties to conic into compliance. If they cannot, new business development will be 
constrained as these counties are placed in nonattainment status, an economic penally box that 
makes it so hard to build something new that many companies simply build elsewhere. 

Existing businesses in Georgia would also be impacted, as additional unknowm control 
measures will likely be required to achiev^e a more stringent standard. In the end, Georgia 
citizens will have less money to spend on food, clothing and other basic needs bei atise ihcy w ill 
be spending this money instead on the new costs that have been passed ihixmgh to them from 
ozone regulations. This all adds up to what many are calling the "ino.st cxpcnsii c regulation 
ever." 


My state Is already in the process of planning for and implementing dozens of massive 
new regulations put in place by your agency over the past several years, regulations like the 
Mercury and Air Toxics Standards, the Boiler MACT, regional haze rules, the Cross-State Air 
Pollution Rule, and most recently the Clean Power Plan. Very.' notably, states have only begun 
to implement the ozone NAAQS put in place in 2008 , a standard for which implementation 
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guidance was only just issued by EPA this month. These rules are ii> addition to fee! economy 
standards and Tier 3 tailpipe emfesion standards for cars and trucks implemented at the 
federal level which increase costs for businesses and consumers in my state and others. All of 
these regulations have required snlwtantial investments on the part of Georgia companies and 
consumers and constitute a moving target for Georgia companies. 1 urge you to defer setting a 
more stringent ozone standani to allow these existing regulations to have an impact and to 
avoid the cirstiy planning and economic, burden of additional regulation. 

The ciUTently proposed revision to the ozone NAAQS may be the most expensive 
regulation in our nation’s history. It is my duly to my constiluente to urge you to set an oxonc 
standard that docs not place this undue burden on states. VVe ask you to keep the current 
standard of 75 parts per billion (ppb) in place. 


Sincerely, 


Nathan Deal 
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Association of Improved Air Quality with Lung Development 

in Children 


VV. James Gauderman, Ph.D., Robert Urman, M.S., Edward Avol, M.S., Kiros Berhane, Ph.D., Rob McConnell, M.D.. 
Edward Rappaport, M.S,, Roger Chang, Ph.D., Fred Lurmann, M.S., and Frank Gilliland. M.D., Ph.D. 


ABSTRACT 


BACKGROUND 

Air-pollution levels have been trending downward progressively over the past sev- 
eral decades in southern California, as a result of the implementation of air qual- 
ity-control policies. We assessed whether long-term reductions in pollution were 
associated with improvements in respiratory health among children. 

METHODS 

As part of the Children’s Health Study, we measured lung function annually in 2120 
children from three separate cohorts corresponding to three separate calendar peri- 
ods*. 1994-1998, 1997-2001, and 2007-2011. Mean ages of the children within each 
cohort were 11 years at the beginning of the period and 15 years at the end. Linear- 
regression models were used to examine the relationship between declining pol- 
lution levels over time and lung-function development from 11 to 15 years of age, 
measured as the increases in forced expiratory volume in 1 second (FEV^) and 
forced vital capacity (FVC) during that period (referred to as 4-year growth in FEV^ 
and FVC). 


From the Department of Preventive Med- 
icine, University of Southern California, 
Los Angeles {W.J.G., R.U,. E.A., K.B.. 
R.M., E.R., R.C., F.G.) and Sonoma Tech- 
nologies, Petaluma (F.L.) — both in Cali- 
fornia. Address reprint requests to Dr. 
Gauderman at the Department of Pre- 
ventive Medicine, University of Southern 
California, 2001 Soto St., 202-K, Los An- 
geles, CA 90032, or at jimgigiusc.edu, 

N Engl] Med 2015;372;905.13. 

DOh 30.i0S6/NEJMoaUU123 
Copyright © 2025 MossnehusatK Medical Society, 


RESULTS 

Over the 13 years spanned by the three cohorts, improvements in 4-year growth 
of both FEVj and FVC were associated with declining levels of nitrogen dioxide 
(P<0.001 for FEVj and FVC) and of particulate matter with an aerodynamic diameter 
of less than 2.5 /xm (P= 0.008 for FEV^ and P<0.001 for FVC) and less than 10 /xm 
(P<0.001 for FEVj and FVC). These associations persisted after adjustment for sev- 
eral potential confounders. Significant improvements in lung-function development 
were observed in both boys and girls and in children with asthma and children 
without asthma. The proportions of children with clinically low FEVj (defined as 
<80% of the predicted value) at 15 years of age declined significantly, from 7.9% to 
6.3% to 3.6% across the three periods, as the air quality improved (P=0.001). 

CONCLUSIONS 

We found chat long-term improvements in air quality were associated with statisti- 
cally and clinically significant positive effects on lung-function growth in children. 
(Funded by the Health Effects Institute and others.) 


N ENCl j MED 372;iO NEJM.ORC MARCH S, 2015 


905 


The New England Journal of Medicine 

Downloaded from nejm.org on March 6, 2015. For personal use only. No other uses without permission, 
Copyright © 20 1 5 Massachusetts Medical Society. All rights reserv'cd. 





350 


Tflf NEW ENGLAND JOURNAL 0/ M E D I C I N E 




A Quick Take 
summary is 
available at 
NEJM.org 


N PREVIOUS INVESTIGATIONS, WEANDOTH- 

trs have linked exposure to ambient air pollu- 
-tion with lung-function impairment in chil- 
dren.’'^ Reduced lung function in children has 
been associated with an increased risk of asth- 
ma.^ In addition, the adverse effects of air pollu- 
tion on the lungs in childhood can potentially 
have long-term effects: lung function lower than 
the predicted value for a healthy adult has been 
found to be associated with an increased risk of 
cardiovascular disease and increased mortality 
rate.“'^^ Although progress has been made through- 
out the United States to reduce outdoor levels of 
several air pollutants, it is not known whether 
these reductions have been associated with im- 
provements in children’s respiratory health. 

Southern California has historically been 
plagued by high levels of air pollution owing to 
the presence of a large motor-vehicle fleet, nu- 
merous industries, the largest seaport complex in 
the United States, and a natural landscape that 
traps polluted air over the Los Angeles basin. 
With mounting scientific evidence of the adverse 
health effects of air pollution, aggressive pollu- 
tion-reduction policies have been enacted. These 
have included strategies to control pollution from 
mobile and stationary sources, as well as fuel and 
consumer-product reformulations. As a result, air- 
pollution levels have been trending downward over 
the past several decades in southern California. 

Improvements in air quality over time provide 
the backdrop for a “natural experiment” to exam- 
ine the potential beneficial health effects. As part 
of the 20-year Children’s Health Study, three sepa- 
rate cohorts of children have had longitudinal 
lung-function measurements recorded over the 
same 4-year age range (11 to 15 years) and in the 
same five study communities but during differ- 
ent calendar periods. In this study, we examined 
whether changes that have occurred across these 
time spans in levels of nitrogen dioxide, ozone, 
and particulate matter with an aerodynamic di- 
ameter of less than 2.5 /xm (PMj ^), less than 10 ^im 
(PMjp), and between 2.5 and 10 /xm (coarse par- 
ticulate matter are associated with 

the development of lung function in children. 


(Fig. SI in the Supplementary Appendix, avail- 
able with the full text of this article at NEJM. 
org). The two earlier cohorts (cohorts C and D) 
enrolled fourth-grade students in 1992-1993 and 
1995-1996, respectively, from elementary schools 
in 12 southern California communities.’^ The 
third cohort (cohort E) enrolled kindergarten and 
first-grade students in 2002-2003 from 13 com- 
munities,’"* 9 of which overlapped with the 12 co- 
hort C and D communities. Because of budgetarj' 
limitations, pulmonary-function testing was con- 
ducted in only 5 of the 9 overlapping communi- 
ties. To facilitate direct comparisons across calen- 
dar periods, analyses were restricted to the 5 study 
communities (Long Beach, Mira Loma, Riverside, 
San Dimas, and Upland) in which pulmonary- 
fiinction testing was performed in all three cohorts 
(Fig. S2 in the Supplementary Appendix). This 
sample included a total of 2120 children, includ- 
ing 669 in cohort C, 588 in cohort D, and 863 in 
cohort E. 

The study protocol was approved by the insti- 
tutional review board for human studies at the 
University of Southern California, and written in- 
formed consent was provided by a parent or legal 
guardian for all study participants. 

PULMONARY-FUNCTION TESTING 

Trained technicians assisted the students in per- 
forming pulmonary-function maneuvers that met 
the standards of the American Thoracic Society, 
as described elsewhere.® For each child, maxi- 
mal forced expiratory volume in 1 second (FEV^) 
and forced vital capacity (FVC) were measured. 
For cohorts C and D, pulmonary-function testing 
was performed annually from 4th through 12th 
grade (mean ages, 10 to 18 years), with the use 
of rolling-seal spirometers. In cohort E, pulmo- 
nary-function testing was performed every other 
year, when the children were approximately 11, 
13, and 15 years of age, with the use of pressure 
transducer-based spirometers. Of the 2120 chil- 
dren, 1585 (74.8%) were tested at the beginning 
(age 11 years) and end (age 15 years) of rhe fol- 
low'-up period, whereas the remaining 535 chil- 
dren (25.2%) were tested at 11 but not at 15 years 
of age. 


METHODS 


PARTICIPANTS 

The study sample included children recruited from 
three separate Children’s Health Study cohorts 


QUESTIONNAIRES 

Written questionnaires regarding each child’s gen- 
eral health and personal exposures were completed 
by the parent or guardian at baseline and by the 
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child participants annually throughout the study 
thereafter. The questionnaires obtained basic in- 
formation about the child, including age, sex, self- 
identified race and ethnic background, insurance 
coverage, and parental education, as well as the 
child’s health conditions (asthma or acute respira- 
tory illness), tobacco-smoke exposures (personal 
smoking, secondhand exposure, or in utero ex- 
posure), and other exposures. 

AIR POLLUTANTS 

Outdoor air-pollution monitoring stations in each 
of the study communities have been continuously 
measuring regional air pollutants since 1994. Data 
on hourly or daily concentrations of nitrogen diox- 
ide, PM^^, PMji^, and ozone were routinely col- 
lected with Federal Reference Method or Federal 
Equivalent Method instrumentation. A system- 
atic quality-assurance program was in place to 
review all data. Mean air-pollutant concentra- 
tions were calculated for each community over 
the relevant periods of exposure for each cohort 
{1994-'1997 for cohort C, 1997-2000 for cohort 
D, and 2007-2010 for cohort E). 

STATISTICAL ANALYSIS 

The goal of the analyses was to examine the as- 
sociation between long-term improvements in am- 
bient air quality and lung-function development in 
children from 11 to 15 years of age, measured as 
the increases in FEV^ and FVC during that period 
(hereafter referred to as 4-year growth in FEVj 
and FVC). All available pulmonary-function mea- 
surements were used to estimate lung-function 
growth curves, including measurements at ages 
ranging from approximately 9 to 19 years in 
cohorts C and D and 10 to 16 years In cohort E. 
A previously developed linear-spline model,’^ with 
knots placed at ages 12, 14, and 16 years, was 
used to capture the nonlinear pattern of growth 
during adolescence (see the Supplementary Ap- 
pendix for details). The model included adjust- 
ments for sex, race, Hispanic ethnic background, 
height, height squared, body-mass index (BMI, 
the weight in kilograms divided by the square of 
the height in meters), BMI squared, and presence 
or absence of respiratory-tract illness on the day 
of the pulmonary-function test. The model was 
constructed to yield estimates of the effects of 
pollutants on 4-year lung-function development 
(from 11 to 15 years of age) and on mean at- 
tained lung function at either 11 or 15 years of 


age. The range from 11 to 15 years of age was 
targeted because it covers the overlapping age 
period of pulmonary-function testing across co- 
horts. Follow-up over this age range was con- 
ducted from 1994 through 1998 in cohort C, 
from 1997 through 2001 in cohort D, and from 
2007 through 2011 in cohort E. The estimated 
health effect of each pollutant is reported as the 
expected difference in lung-function growth as- 
sociated with a difference in exposure equal to 
the median of the changes in pollution in the 
five communities over the course of the study 
period (Table 1). 

In addition to examining 4-ycar growth from 
11 to 15 years of age, we analyzed the cross- 
sectional pulmonary-function measurements ob- 
tained for 1585 children at the end of this period 
(mean age, 15 years) to determine whether 
changes in air quality over time were associated 
with clinically important deficits in attained FEV^ 
and FVC. Using data from all three cohorts, we 
developed a linear prediction model for FEV^ 
chat included adjustments for age, sex, race and 
ethnic background, height, height squared, BMI, 
BMI squared, and the presence or absence of re- 
spiratory illness. This model explained 61% of the 
variance in FEV^ and 69% of the variance in FVC 
measurements at 15 years of age (i.e., R^=0.61 
and 0.69, respectively). For each child, we deter- 
mined whether the ratio of observed to predicted 
FEVj and FVC fell below each of three cutoffs for 
defining low lung function: 90%, 85%, and 80%. 
Logistic regression was used to test for temporal 
trends in the proportion of children with low lung 
function across cohorts after adjustment for com- 
munity. A P value of less than 0.05 was considered 
to indicate statistical significance, under the 
assumption of a two-sided alternative hypothesis. 


RESU LTS 


CHARACTERISTICS OF THE STUDY PARTICIPANTS 

There were slightly more girls than boys (52% 
vs. 48%) in each of the three cohorts (Table SI in 
the Supplementary Appendix). The mean age at the 
baseline pulmonary-function test was higher in 
cohort E (11.3 years) than in cohort C (10.9 years) 
and cohort D (10.9 years). The age-specific mean 
height did not differ significantly across cohorts 
at 11, 13, or 15 years of age. There was a signifi- 
cantly higher proportion of Hispanic children in 
cohort E than in cohorts C and D (58% vs. 31% 
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Table 1. Estimated Differences in ■4-Year Lung-Function Growth for Median Decreases in Ambient Pollutant Leveis.- 


Lung-Function 
Measurement 
and Pollutant 

Lung-Function Difference 
at 11 Years of Age 

Lung-Function Difference 
at IS Years of Age 

Growth from 11 to 15 

Years of Age 


Mean (95% Cl) 

P Value 

Mean (95% Cl) 

P Value 

Mean (95% Cl) 

P Value 


ml 


ml 


ml 


FEV, 







Nitrogen dioxide 

119,2 (76.5 to 161.9) 

<0.001 

210.6 (156.0 to 265.2) 

<0.001 

91,4 (47.9 to 134.9) 

<0.001 

Ozone 

15.0 (-38.5 to 68.6) 

0.58 

8.3 (-82.9 to 99.6) 

0.86 

-6.7 (-51.0 to 37,5) 

0.77 

PM,o 

87,7 (50.2 to 125.2) 

<0.001 

153.2 (97.7 to 208.6) 

<0.001 

65.5 (27.2 to 103.7) 

<0.001 

PMj.s 

100.0 (58.9 to 141,2) 

<0-001 

165.5 (95.4 to 235.6) 

<0.001 

65.5 (17.1 to 113-8) 

0.008 

FVC 







Nitrogen dioxide 

131.3 (91.0 to 171.6) 

<0.001 

300.2 (240.0 to 360.3) 

<0,001 

168,9 (127.0 to 210,7) 

<0.001 

Ozone 

7-6 (-50.2 to 65.4) 

0.80 

0.3 (-126.0 to 126.5) 

0.99 

-7.3 (-79.3 to 64.6) 

0.84 

PMio 

93,8 (54,0 to 133.6) 

<0.001 

206.8 (124.6 to 289.1) 

<0.001 

113.0 (60.0 to 166.1) 

<0.001 

PM, .5 

110.1 (69.8 to 150.4) 

<0.001 

237.0 (147.2 to 326.7) 

<0,001 

126.9 {65,7 to 188.1) 

<0.001 


* The estimated means oFcommunity-specific pollution effects on lung-function values at II years of age and at 15 years of age and growth 
from 11 to 15 years of age are scaled to the median of the five community-specific declines in each air pollutant — specifically, 14,1 ppb in 
nitrogen dioxide, 5,5 ppb in ozone (10 a,m. to 6 p.m.), 8.7 particulate matter with an aerodynamic diameter of less than 10 pm 

and 12,6 pg/m^ in particulate matter with an aerodynamic diameter of less than 2.5 pm (PMj j). For example, a decline of 14.1 ppb 
in nitrogen dioxide is associated with an increase of 91.4 ml in the growth of FEV, fi'om 11 to 15 years of age (the mean of the five commu- 
nity-specific slopes). 


and 3.3%, respectively). Cohort E also differed 
significantly from cohorts C and D with regard 
to several other factors, including exposure to 
passive smoke and pets (lower in cohort E) and 
the proportion of parents with health insurance 
(higher in cohort E) (Table SI in the Supplemen- 
tary Appendix). 

CHANCES IN AIR QUALITY 

Regional air quality has improved dramatically 
over the course of rhe Children’s Health Study 
with respect to some pollutants (Fig. 1). The 
colored bands in Figure 1 represent the 4-year 
exposure periods for cohorts C (1994-1997), D 
(1997-2000), and E (2007-2010). For example, the 
4-year mean level in the community with 
the highest levels of particulate matter (Mira 
Loma) declined from 31.5 /xg per cubic meter in 
cohort C to 17.8 per cubic meter in cohort E, 
a 43% reduction (Table S2 in the Supplementary 
Appendix). All five communities had large de- 
clines in levels of and nitrogen dioxide. 
Changes in levels of and ozone over time 
were more modest (Fig. 1), as were changes in 
levels of PM^g-PMj, (Fig. S3 in the Supplementary 
Appendix). 


CHANCES IN LUNC'FUNCTION GROWTH 

Across ail three study cohorts, the mean FEV^ 
among girls increased from 2274 ml at 11 years 
of age to 3150 ml at 15 years of age, for a mean 
4-year increase of 876 ml (Table S3 in the Sup- 
plementary Appendix). Among boys, the mean 
FEVj was 2311 ml at 11 years of age and 3831 ml 
at 15 years of age, for a mean 4-year growth of 
1520 ml. Similar magnitudes of growth were 
observed for FVC. 

Increases in 4-year growth in both FEV^ and 
FVC were associated with reduced levels of nitro- 
gen dioxide, PM^^, and within all five study 
communities (Fig. 2). When the effects were 
averaged across communities, we found that the 
mean 4-year growth in FEVj increased by 91.4 ml 
per decrease of 14.1 ppb in nitrogen dioxide 
level (P<0.001), by 65.5 ml per decrease of 8.7 
per cubic meter in PMjq level (P<0.001), and by 
65.5 ml per decrease of 12.6 fxg per cubic meter 
in PM^, level (P=0.008) (Table 1). At the begin- 
ning of follow-up (when participants were 11 
years of age), significant increases in mean FEV^ 
values were associated with decreases in levels of 
nitrogen dioxide, PM^^, and PM^, (Table 1). How- 
ever, the increases in mean FEV^ at 15 years of 
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age, after 4 years of poiiution-affected growth, 
were even more pronounced. Analogous effects 
were observed for FVC. Changes in ozone (Fig. 2) 
and PM,y-PMj 5 (Fig. S4 in the Supplementary 
Appendix) were not associated with differences 
in mean FEV^ or FVC values at 11 or 15 years of 
age or with 4'year growth in these values. 

The estimated pollution-related effects on 
4-year FEVj and FVC growth remained significant 
in sensitivity analyses (Table S4 in the Supple- 
mentary Appendix). For example, the associations 
between improved lung-function development 
and reduced nitrogen dioxide levels in Table 1 
(shown as “base moder in Table S4 in the Sup- 
plementary Appendix) remained significant and 
of similar magnitude when additional adjust- 
ment was made for in utero or passive tobacco- 
smoke exposure, personal smoking, health insur- 
ance, parental education, asthma at baseline, or 
several indoor exposures, including cats, dogs, 


and mold or mildew. There were significant ef- 
fects on lung-function growth in both boys and 
girls, although the magnitude of the air-pollu- 
tion effect was significantly larger in boys than 
in girls with respect to both FEV^ (P=0.04) and 
FVC (P=0.001). There were also significant pol- 
lution effects on lung-function growth in His- 
panic white and non-Hispanic white children 
and in children with asthma and children with- 
out asthma. Although the magnitude of the ni- 
trogen dioxide effect on 4-year growth in FEV^ 
and FVC was nearly twice as large in children 
with asthma, as compared with children without 
asthma, the difference was not significant for 
either lung-function measure. Pollution-effect es- 
timates were of a magnitude similar to those in 
the base model when the sample was restricted 
to children with complete 4-year follow-up data. 
Sensitivity analyses of the other pollutants yield- 
ed results similar to those for nitrogen dioxide 
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Figure 2. Mean 4-Year Lung-Function Growth versus the Mean Levels of 
Four Pollutants. 

The mean growth in forced expiratory volume in 1 second (FEV,) (Panel A) 
and the mean growth in forced vital capacity (FVC) (Panel B) from 11 to 15 
years of age are plotted against the corresponding levels of nitrogen diox- 
ide, ojone, PMj and PMjj, for each community and cohort. 


(data not shown). We found no significant as- 
sociation between growth in height and change 
in pollution during the study period (Table S5 in 
the Supplementary Appendix), which indicates that 
our findings on lung-function growth are probably 
not the result of a secular trend in general devel- 
opment. 

The large improvements in lung function as- 
sociated with reduced air pollution (Table 1) sug- 


gest that the mean attained FEV^ and FVC values 
at 15 years of age were substantially larger in 
cohort E (the cohort with the lowest level of ex- 
posure, as seen in Fig. 1) than in cohorts C and 
D, Further analysis of lung function at 15 years 
of age also revealed significant differences across 
cohorts in the proportion of children with low 
lung function (Fig. 3). For example, at a cutoff of 
80% for the ratio of observed to predicted val- 
ues, the proportion of children with low FEV^ was 
7.9% in cohort C, 6.3% in cohort D, and only 
3.6% in cohort E (PcO.005). Similar significant 
trends w'ere observed for FVC. 


DISCUSSION 

This study shows an association between secular 
improvements in air quality in southern Califor- 
nia and measurable improvements in lung-func- 
tion development in children. Improved lung 
function was most strongly associated with 
lower levels of particulate pollution and 

PMjy) and nitrogen dioxide. These associations 
were observed in boys and girls, Hispanic white 
and non-Hispanic white children, and children 
with asthma and children without asthma, which 
suggests that all children have the potential to 
benefit from improvements in air qualify. 

In addition to improvements in lung-function 
development from 11 to 15 years of age, we also 
found a strong association between a reduction 
in air pollution and a reduction in the propor- 
tion of children with clinically low FEV^ and FVC 
at 15 years of age. In general, the age range of 
11 to 15 years captures a period during which 
lungs are developing rapidly in both boys and girls. 
Lung-function development continues in girls until 
their late teens and in boys until their early 20s, 
but at a much-reduced rate as compared with the 
rate during the earlier adolescent period.^^'^'’ It is 
therefore likely that the improved function we 
observed in the children who were less exposed 
to the pollutants will persist into their adulthood. 
A higher level of lung function in early adulthood 
may decrease the risk of respiratory conditions.’^ 
However, the greatest benefit of improvements 
in lung-function development may occur later in 
life, because it has been shown that greater lung 
function in adulthood can contribntc to lower 
risks of premature death and other adverse health 
outcomes.’^-'* Consistent with the growth effects 
we have observed in children, there is evidence 
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that reduced exposure to pollution in adulthood 
can slow the decline in lung function-'* and in- 
crease life expectancy. 

In southern California, motor vehicles are a 
primary source of PM^^, PM^^, and nitrogen di- 
oxide, through direct tailpipe emissions as well 
as downwind physical and photochemical reac- 
tions of vehicular emissions. Gasoline-pow- 
ered and diesel-powered engines contribute to high 
levels of these pollutants, and improved emission 
standards for both types of vehicles have con- 
tributed to the observed declines in air pollut- 
ants. Control strategies implemented in the 1970s 
and 1980s focused primarily on reducing the 
levels of ozone, a pollutant with a long histor\' of 
demonstrated acute health effects.^*' Although 
levels of ozone continued to decline in the 1990s 
and 2000s, the changes were smaller than for 
nitrogen dioxide and particulate matter, and we 
did not observe ozone-related effects on lung- 
function growth. This finding is consistent with 
our previous report that decreased lung-function 
growth was related to increased exposure to ni- 
trogen dioxide and particulate matter but not to 
ozone/-' Only a few other studies have addressed 
the long-term effects of ozone on lung function 
in children, and the results have been inconsis- 
tent.-’^ Because of high correlations among reduc- 
tions of PMj,, PMj„, and nitrogen dioxide (Tabic 
S6 in the Supplementary Appendix), we could not 
assess the independent associations between lung 
function and each of these pollutants. Many other 
studies have also been unable to identify the 
health effects of specific pollutants that are con- 
stituents of a multipollutant mixture.’-’^ However, 
the results of our investigation make it clear that 
broad-based efforts to improve general air quality 
are associated with substantial and measurable 
public health benefits. 

A main directive of the 1970 U.S. Clean Air Act 
was to establish “...ambient air quality standards 
. . . allowing an adequate margin of safety . . . 
requisite to protect the public health . A 
basic tenet of the act is that changes in airborne 
pollutant levels can lead to improved public health 
and that the scientific evidence needed to deter- 
mine the appropriate levels for those standards 
can be identified. Our observation of improve- 
ments in air quality and subsequent improve- 
ments in longitudinal respiratory health out- 
comes may provide objective evidence in support 
of that basic tenet. 



<90% Predicted <85% Predicted <80% Predicted 



Figure 3. Proportions of Children with Low Lung Function in Each Cohort. 
The proportions of children with lung function below 90%, 85%, or 80% of 
the predicted value at IS years of age in cohorts C, D, and E are shown for 
FEV, (Pane! A) and FVC (Panel B). 


The data nccessar)' to conduct this study were 
collected over a period of nearly two decades. 
Srrengths of the study include the use of consis- 
tent protocols for collecting health, covariate, and 
air-quality data over the entire study period. Al- 
though the extended follow-up period can be 
viewed as a strength, it also presented several 
challenges. A change in spirometers during the 
course of the study was necessary to replace ag- 
ing equipment and raises the issue of instrumen- 
tal comparability. To address this, we conducted 
an additional analysis to show that our findings 
are robust to the use of different spirometers 
(Table S7 in the Supplementary Appendix). 
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The change from annual testing in cohorts C 
and D to testing every other year in cohort E, as 
a result of budgetary constraints, may raise con- 
cern about dropout of participants in cohort E. 
In general, bias can occur in a cohort study if 
dropout depends simultaneously on both outcome 
and exposure. In our study, however, participant 
attrition during the follow-up period was not 
jointly associated with baseline lung function 
and several measures of exposure, including co- 
hort membership and cohort-specific mean levels 
of nitrogen dioxide and particulate matter, the 
pollutants that showed significant associations 
with lung-function growth. In addition, the mag- 
nitude and significance of our observed growth 
effects were similar among participants with com- 
plete follow-up (Table S4 in the Supplementary 
Appendix), making it unlikely that selective drop- 
out is responsible for our observed associations. 

The shift in ethnic background across cohorts 
to a more Hispanic population, synchronous with 
general trends occurring more broadly in south- 
ern California, raises potential concerns about 
confounding by factors specific to ethnic back- 
ground. Also, because this is an observational 
study, it is possible that one or more additional 
factors associated with both lung-function growth 
and change in air quality over time could con- 
found our pollution analyses. However, we con- 
ducted many sensitivity analyses and found that 
none of these factors appreciably affected our 
estimates or inferences. Furthermore, because 
the mean growth in height from 11 to 15 years 
of age did not vary over the study period, one 
might conclude that the change in growth is 
specific to the lung, with improvement in air qual- 
ity serving as an important contributing factor. 

Another limitation of our study is the jack of 
a pure “control” community — that is, a com- 
munity in which there was no change in pollu- 
tion during the study period. However, we stud- 
ied five different communities with differing 
magnitudes of improvement in air quality, which 
collectively serve as five replicate experiments of 
our within-community temporal-trend experiment. 


We conducted an additional analysis that showed 
that the expected gain in lung function over 
time within any one community was aligned 
with the magnitude of improvement in air qual- 
ity within that community (Fig. S5 in the Supple- 
mentary Appendix). The trends in these effects 
suggest that if we had had a pure control com- 
munity, we would have seen little change in lung- 
function growth. This analysis also suggests that 
even modest improvements in air quality can lead 
to improved health, although with only five com- 
munities included in the stndy, we caution that we 
do not have adequate data to make definitive 
conclusions about the exposure-response rela- 
tionship. 

We have shown that improved air quality in 
southern California is associated with statisti- 
cally and clinically significant improvements in 
childhood lung-function growth. The pollutants 
wc found to be associated with lung-function 
growth — nitrogen dioxide, and •— 

are products of primary fuel combustion and are 
likely to be at increased levels in most urban envi- 
ronments. These pollutants were among those 
effectively reduced through targeted policy strate- 
gies. If we make the not-unreasonable assumption 
of causality, the magnitude of the effects we ob- 
served and the importance of lung function over 
the course of the human lifetime justify the efforts 
that have been made to improve air quality. 
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OPINION 

The Dubious Benefits of Further 
Ozone Reductions 

The proposed EPA standard is very close to levels that are found naturally in some regions of 
the country. 

By JULIE E. GOODMAN And SONJA SAX 

May 11, 2014 5:21 p.m. ET 

Over the past several decades the US. has achieved remarkable success in 
reducing air pollution. According to the Environmental Protection Agency, the 
country has reduced six common air pollutants by 72% since 1970. These 
reductions are credited with achieving meaningful public-health benefits, from 
improved respiratory health to increased life expectancy. 

Yet with this success we now face a critical question; Will further decreases in air 
pollution to levels that approach those that occur naturally necessarily result in 
additional public-health benefits? This question gets to the heart of the EPA's 
current evaluation of whether the existing National Ambieut Air Quality 
Standard for ozone is sufficient to protect public health. Ozone is a colorless, 
odorless gas that is not directly emitted into air, but is formed when sunlight 
reacts with two other pollutants: volatile orgauic compounds and nitrogen 
oxides. These come from many natural sources (plants, forest fires) as well as 
human-made sources (cars, industrial facilities, power plants). 

The Clean Air Scientific Advisory Committee, a panel of scientists and public- 
health experts charged by Congress with advising the EPA, met in March to 
discuss the agency's evaluation of the link between ozone and respiratory 
illnesses such as asthma and other health issues. The hope is that, with robust 
public input, the EPA and the committee will arrive at conclusions that 
accurately reflect the current state of scientific research on ozone. The stakes 
are significant; The EPA itself estimates that more-stringent standards could 
cost businesses up to $90 billion annually. 
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Currently the EPA standard for ozone in the air is 75 parts per billion, the 
strictest level since the standard was established in 1971. In 2008 the EPA 
determined, and a federal court agreed, that this standard protects public 
health. But now the EPA says that 75 ppb is not protective enough and is 
recommending a change to between 60 ppb and 70 ppb. Meanwhile, the 
ovei-whelmingbody of scientific evidence indicates lowering the current ozone 
standard will not provide added health benefits beyond those achieved with the 
current standard. 


There have been 
hundreds of scientific 
studies on ozone 
exposure and possible 
health effects, and the 
EPA has reviewed 
most of them. 
However, the EPA has 
not evaluated them in 
systematic fashion, by 
considering study 
strengtiis and 
limitations in a 
consistent manner 
from s tudy to study. This type of analysis isoalleda "weight-of-evidence" 
evaluation, and it can help prevent the cherry-picking of studies— which can 
occur when scientists focus on studies or evaluate data that confirm their 
position, or when the scientists place less emphasis on studies that do not. 

Most studies examining connections between ozone and health effects do not 
adequately account for smoking or other factors such as diet and exercise that 
could contribute to diseases attributed to ozone. By not fully considering these 
other factors, the EPA assumes that ozone causes more health effects than what 
the science supports, 

The EPA also has interpreted some studies to indicate that ozone is more 
harmful than it likely is. For example. Dr. William C. Adams, professor emeritus 
at the University of California, Davis, published a peer-reviewed paper in 2006 
concluding that 60 ppb ozone exposures to people exercising for six hours did 
not lead to harmful respiratory effects. The EPA "reanalyzed" his data and 
determined that it did. Dr. Adams later said, on the EPA Docket for public 
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comment, that the "EPA has misinterpreted the statistics contained in my 
published, peer-reviewed paper." 

This kind of discrepancy should give the Clean Air Scientific Advisory 
Committee pause as it evaluates the health effects of ozone. 

The EPA considers worst-case scenarios arguably to protect the most sensitive 
people in a population. However, in its ozone health-risk and exposure 
assessment, the EPA makes many "worst-case" assumptions that could not all 
occur at one time, leading to an unrealistic scenario that overestimates risks. 

The lowered standard that the EPA is proposing (between 60 and 70 ppb) is very 
close to levels of ozone that are found naturally in some regions of the country. 
For example, the ozone level at Big Bend National Park in southwest Texas, 
where there arc no industrial facilities, is 71 ppb. 

Significantly, the EPA's models have shown that decreasing human-made 
sources of ozone could actually lead to increased natural ozone in some areas. 
This happens because ozone formation is complex, and nitrogen oxides both 
form and destroy ozone. By controlling human sources of nitrogen dioxide to 
achieve lower ozone levels, many parts of the country will not be able to meet 
current ozone standards solely because of naturally formed ozone. 

We all want appropriate standards to ensure that our air is dean. Bu t the EPA 
shouldn't lower the ozone standard unless there is solid evidence that doing so 
would result in measurable improvements in health or reductions in the 
diseases associated with air pollution. 

Drs. Goodman and Sax con/fult for business and government on issues relating to 
the EPA's air-pollution standards. Dr. Goodman also is an adjunct faculty member 
of the Harvard School of Public Health. 
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Capito! Building 
Room -South 
300 SW lOlh Sifee! 
Topeko, KS 66612 



Office of the Governor 


Phone: 1765) 296-3232 
Fax: (765) 360-8780 

governor, ks. gov 


Sam Brownback, Governor 


February 24, 2015 


The Honorable Gina McCarthy 
Administrator 

U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, N.W. 

Washington, D.C. 20460 

Dear Administrator McCartliy, 

In the four decades since the Clean Air Act W'as signed into law, my state has seen improvements to the 
quality of the air we breathe. We have done so while adhering to the principle that protection of the environment 
does not need to sacrifice economic progress if each is done properly. It Is for this reason that I oppose changing the 
National Ambient Air Quality Standard (NAAQS) for ground-Ievc! ozone at this time. 

Many areas may be closed off to new business by being placed in “nonattainment;” an economic penalty box 
that makes it so difficult to grow that many businesses refuse to build or expand. As much as 60 percent of the 
technologies needed to comply with a new standard am unknown even to the EPA. If these controls are not invented 
in time, businesses will be forced to consider scrapping existing plants and equipment. The end result is an economy 
where consumers will have less to spend on food, clothing and other basic needs because they will be spending this 
money instead on the new costs that have been passed through to them from ozone regulations. 

Furtheimoi-e, my slate is currently in the process of implementing dozens of massive new regulations put in 
place by your agency over the past several years. Regulations like the Mercury and Air Toxics Standards, the Boiler 
MACT, fuel economy standards for cars and trucks, regional haze rules, the Cross-State Air Pollution Rule, Tier 3 
tailpipe emissions standards, and of course the Clean Power Plan. A byproduct of these regulations hopefully is 
reductions in the emissions that cause ozone, making a new NAAQS unnecessary. Taken together, these regulations 
impose billions of dollars in new costs on my state and its citizens. Additional regulations are not needed. 

Wc have only begun to implement the ozone NAAQS put In place in 2008 — standards for which 
Implementation guidance has not even been issued by the EPA. The EPA continues to strain our resources by 
imposing upon us a steady stream of complex and expensive new regulatioits. This is already costly and difFicult. 

Your agency has proposed the most expensive regulation In our nation’s history. It is unnecessary and 
damaging to Kansans. It is my duty to my constituents to oppose it We ask you to reconsider and instead keep the 
current standard of 75 parts per billion (ppb) in place. 



Sam Brownback 
Governor of Kansas 
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Just how much is Asia's ozone to blame 
for bad air in the U.S.? 


By TONYBARBOZ.'V 

JANUARY 31. 2015. 2:00 PM | CAR*«L VALLEY, CALIF. 

H igh above the Big Sur coast, Ian Faloona is finding pollution on the 
edge of the continent, a place that shtmld have some of the countn’'s 
cleanest air. 

From an a.stronomical obsen’atoiy on Chews Ridge in the Santa Lucia 
Mountains, the UC Davis atmaspheric scientist has for the last three years 
measured ozone, the lung-damaging gas in smog, as it arrives to California. The 
monitoring site, more than 5,000 feet above sea level on a pine-studded overlook 
above the lowest layer of the atmosphere, gives Faloona access to undisturbed air 
from across the Pacific before it is fouled by U.S. pollution sources. 

He and other scientists at rural, high-altitude sites across the western U.S. have 
been documenting rising levels of ozone, which can trigger asthma attacks, 
worsen heart and lung disease and lead to premature deaths, even as emissions 
have plummeted nationwide over the last few decades. 

Soaring emissions from China and other fast-growing Asian countries are 
blowing across the Pacific Ocean, they say, increasing baseline le\'els of ozone in 
the western U.S. In about a week, winds carry ozone formed by emissions from 
cars, factories and power plants in ^\sia to the U.S. West Coast, where it can add 
to locally generated pollution, worsening smog in cities such as Bakersfield, 
Fresno and Lo.s Angeles. 

The phenomenon is fueling a debate about just how much Asia is to blame for 
bad air in the U.S., one that could soon have health consequence.s for people 
across the West. 

Experts say that as U.S. air quality improves, Asian emissions — pre\^ously 
thought to have a negligible effect here ~ are ha\dng a stronger influence on 
smog ie^'els, particularly in western states that sit at higher elevation and arefirst 
exposed to the pollutants. In a development that has troubled health advocates, 
some local pollution regulators have begun arguing that they should not be 
penalized if Asian pollution is causing local smog to exceed health standards 
under the Clean Air Act. 
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research, and this spring at Yosemite National Park, it is sponsoring a three-day 
transboundaiy ozone pollution conference for scientists and policymakers. 

Last year, the agency submitted a first-of-its-kind petition to the U.S. 

Environmental Protection Agency asking to be exempted from penalties for 
violating a health .standard because of ozone pollution from A.sia. On Aug. lo, 

2012, pollution from Asia pushed smog 1 c\'els in Fresno above a federal standard, 
the air district said. 

The EPA impOvSed penalties on the region after it failed to meet a 2010 deadline 
to clean up ozone pollution. Valley air quality regulators have since colleeted 
more than $100 million in fines, mostly through an extra $12 a year in veliiclc 
regi.stration fees. 

"Our residents shouldn't he penalized for pollution that comes from elsewhere," 
said Seyed Sadredin, executive director of the San Joaquin Valley air quality 
district. 

The EPA did not act on the San Joaquin Valley air district's request, saying that it 
was not submitted through the appropriate process and that the di.strict can meet 
the health standard \iolated despite the added pollution from Asia. 

Jed Anderson, a Houslon-area lawyer who focuse.s on air quality compliance, said 
the request by the San Joaquin Valley is "not going to be unique for very long." It 
opens the door for air quality agencies acros.s the nation to consider foreign 
pollution as a factor in local air quality violations. 

The EPA has proposed tightening ozone limits, from 75 parts per billion to 
between 65 and 70 parts per billion, later this year. A new standard would put 
more areas of the country in violation of air quality .standards and place parts of 
the West in a tough spot between a rising baseline of ozone and stricter federal 
limits. 

Limiting pollution flowing in from Asia W'ould require an international treaty, 
said Owen Cooper, an atmospheric scientist at the Cooperative Institute for 
Research in Environmental Sciences in Boulder, Colo. 
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traps pollution, have long attributed the rt^ion's dirt>' air to factors other than 
local industry, including cars and refineries in the Bay Area and long-distance 
truckers on Interstate 5. Their recent focus on ozone from Asia has drawn 
renewed criticism from health advocates, who say state and local regulators 
should devote their resources to curbing emissions from cars, factories, farms 
and other sources they have the power to control. 

Dolores Weller, director ofthe Central Valley Air Quality Coalition, says the air 
district's attention to ozx^ne from Asia is the !ate.st example of officials "not 
focusing in on homegrowm pollution and continuing to look for exemptions and 
further excuses.” 

"It's just an easier target for an air district under pressure from local industries," 

Weller said. 

Although estimates vary, recently published studies have found that Asian ozone 
contributes 3 to 8 parts per billion of the pollution in low-elevation parts of 
Southern California, such as Bakersfield and Los Angeles, and up to 15 in 
high-elevation regions of the West. It's a small contribution but could make the 
difference betw'een a bad air day and one that meets the current health standard 
of 75 parts per billion. 

On Chews Ridge, Fakxma and his graduate assistant, Andrew Post, have 
measured ozone concentrations as high as 80 parts per billion. They have also 
found cxidence that the gas is sinking and mixing into the air in the San Joaquin 
Valley, boosting smog levels in such cities as Bakersfield and Fresno. 

A portion of the ozone blowing into California is natnral, migrating down from 
the stratosphere or formed from compounds released by plants. Winds transport 
the most ozone pollution from Asia during the spring, not during the height of 
smog season in late summer. 

Althongh it's a concern, ozone from Asia is not as significant a problem a.s San 
Joaquin Valley pollution regulators make it out to be, said Jared Blumenfeld, 
administrator for the EPA's Pacific Southwest region. 

”We can't put too great an emphasis on sources that may not have a large 
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concerns. 

That's what Faloona sees from his ridge-top monitoring site: Two air-quality 
problems that are no longer divorced from one another. 

To the west, he can see a sliver of the Pacific Ocean, where his air quality 
monitor’s plastic iutahe tube is pointed and pumping away. Looking inland, he 
sees the San Joaquin Vall^, blanketed in a layer of air pollution. 

"People think of these pollutants as relatively short-lived and think they don’t 
make it that far," Faloona said. "But we've realized it’s all connected." 

tony. barboza@latimes.com 

Copyright ©2015, Los Angeles Times 
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Are the Elements of the Proposed Ozone National 
Ambient Air Quality Standards Based on the Best 
Available Science? 


Juiie E. Goodman, Sonja N. Sax , Sabine Lange, Lorenz R. Rhomberg 
Reg. Tox. Pharm. in press. 

Abstract 


There is widespread misunderstanding about how controlled human exposure and epidemiology studies 
should be considered by the US Environmental Protection Agency EPA (US EPA) when assessing the 
adequacy of the proposed ozone National Ambient Air Quality Standards (NAAQS). Controlled human 
exposure studies involved small numbers of people performing quasi-continuous exercise for a long 
duration at an intensity not common in the general population, unlikely achievable by most sensitive 
individuals, and under worst-case exposure profiles. Epidemiology studies used different averaging times 
and have methodological limitations that may have biased results; this makes it challenging to compare 
results across studies and appropriately apply results in a NAAQS evaluation. The NAAQS has four 
elements -- indicator, level, averaging time, and form - and it does appear that each of these elements was 
fully considered when controlled human exposure and epidemiology studies were reviewed as part of the 
NAAQS process. Relating patterns and circumstances of exposure, and exposure measurements, from 
experimental and observational studies to all elements of the NAAQS can be challenging, but if US EPA 
did this, it would be evident that available studies do not indicate that proposed lower NAAQS will be 
more health protective than the current one. 

1 introduction 


The Clean Air Act (CAA) was first passed in 1963. In 1970, amendments to the CAA required the listing 
of air pollutants that “may reasonably be anticipated to endanger public health and welfare’’ and that the 
United Slates Environmental Protection Agency (US EPA) issue National Ambient Air Quality Standards 
(NAAQS) for them. In 1971, US EPA first set NAAQS for photochemical oxidants (later regulated as 
ozone), carbon monoxide, lead, nitrogen oxides (NOx) (regulated as nitrogen dioxide), particulate matter 
(PM, later regulated as total suspended particulates, then as PMjo, and PM 2 . 5 ), and sulfur oxides (regulated 
as sulfur dioxide) - collectively called criteria pollutants. 

Section 109 of the CAA (1970) directs the US EPA Administrator to propose and promulgate “primary’' 
and “secondar>'” NAAQS for criteria pollutants. Primary standards are intended to protect public health, 
including that of sensitive populations (e.g.^ asthmatics, children, and the elderly). Specifically, the 
legislative history of section 109 indicates that a primary standard is to be set at “the maximum 
permissible ambient air level... [that] will protect the health of any [sensitive] group of the population,” 
and that, for this purpose, “reference should be made to a representative sample of persons comprising the 
sensitive group rather than to a single person in such agroup” S. Rep. No. 91-1 196, 91st Cong., 2d Sess. 
10 (1970). Secondary standards are intended to prevent welfare effects, which are described in section 
302(h) (42 U.S.C. 7602(h)) as including, but not being limited to, “effects on soils, water, crops, 
vegetation, manmade materials, animals, wildlife, weather, visibility and climate, damage to and 
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deterioration of property, and hazards to transportation, as well as effects on economic values and on 
personal comfort and well-being.” The present commentary is focused on the ozone primary standard, 
but most of its points are applicable to other criteria pollutants and to secondary standards, as well. 

Ozone is a secondary air pollutant that is formed by photochemical reactions between precursor gases, 
primarily NO,.^ and volatile organic compounds, in the presence of ultraviolet rays from the sun. 
Typically, ozone concentrations begin increasing as the sun rises, reach a peak near mid-day, and 
decrease markedly after sunset (US EPA, 2006). Ozone formation and breakdown are complex and 
depend on the relative concentrations of precursor gases and meteorological factors (e.g., sunlight 
intensity and atmospheric mixing); thus, ambient ozone concentrations vary widely both spatially and 
temporally (US EPA, 2013a). Mean background ozone concentrations across the US range frotn 0.027- 
0.040 ppm during the spring and summer, and sometimes reach higher than 0.060 ppm in the 
intermountain West (Zhang et ai, 201 1; Vingarzan, 2004; US EPA, 20!3a). In some places, background 
concentrations contribute to over 80% of total ozone, which can make compliance with the current ozone 
NAAQS challenging (Zhang et al.^ 2011). 

Each NAAQS has four elements: an indicator, an averaging time, a level, and a form (US EPA, 2013a). 
The indicator defines the pollutant that is measured in ambient air so that one can determine compliance 
with the standard. The indicator for photochemical oxidants is ozone. The averaging time is the period 
over which air quality measurements are averaged or cumulated, considering evidence of effects 
associated with various time periods of exposure {e.g.^ 1-hour, 8-hour, 24-hour, annual). The level 
defines the acceptable numerical air quality concentration of the indicator. Finally, the form of the 
standard provides the appropriate statistical basis to consider (c.g., a percentile or mean) and whether it 
should be averaged over several years. AH of these elements must be taken into account to determine 
compliance with a standard. 

Several elements of the ozone NAAQS have changed since it was first promulgated in 1971 (Table 1; 
reviewed by McClellan et al, 2009). From 1971 to 1979, the indicator was photochemical oxidants; 
since then, it has been ozone, the most prevalent oxidant. Until 1997, ilie primary ozone standard was a 
daily l-hour maximum concentration of 0.12 parts per million (ppm) that was not to be exceeded more 
than once a year. Attainment of the l-hour standard could vary from year to year in a given area, 
depending primarily on meteorological conditions (NRC, 1991). In 1997, US EPA determined that an 8- 
hour averaging time for ozone would provide greater stability for meeting the standard and more 
accurately reflect the way humans respond to ozone (Anderson and Bell, 2010). With the change in the 
averaging time from a l-hour daily maximum to a daily 8-hour average maximum, the level of the 
standard was reduced from 0.12 to 0.08 ppm (equivalent to 0.084 ppm using standard rounding 
conventions). In 2008, the ozone NAAQS was revised so that the annual fourth-highest daily maximum 
8-hour concentration, averaged over three years, should not exceed 0.075 ppm. The US EPA 
Administrator has now recommended lowering the level of the standard to between 0.065 and 0.070 ppm 
(US EPA, 2014b). 

The CAA requires that US EPA review the health effects evidence for each criteria pollutant every five 
years to determine whether new evidence suggests the need to change the NAAQS. The NAAQS review 
process includes a literature review and synthesis by US EPA staff and consultants, review and comment 
by the Agency's Clean Air Scientific Advisory Committee (CASAC), and public review and comment. 
First, US EPA evaluates the body of available scientific literature to draw conclusions regarding the 
weight of evidence for causal relationships between exposure to criteria pollutants and human health and 
welfare effects in an Integrative Science Assessment (ISA) (US EPA, 2013a). Building on the 
information in the ISA, US EPA prepares a Health Risk and Exposure Assessment (HREA) to place the 
scientific evidence reviewed in the ISA into the context of past, current, and projected exposure 
conditions and associated risks {e.g., US EPA, 2014a). Based on the ISA and HREA, the Agency 
summarizes the key scientific information a-ssociated with various options for re-affirming or revising the 
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NAAQS ill a Policy Assessment (PA) (e.g., US EPA, 2014c). At the final stage, the US EPA 
Administrator releases a proposal for re-affirmation or revision of the NAAQS for public comment 
(Proposed Rule), followed by the promulgation of a final NAAQS (Final Rule). Ultimately, while the US 
r£PA Administrator’s conclusions regarding the elements of the NAAQS are based on the scientific 
evidence, the NAAQS elements are a policy judgment regarding an acceptable level of risk (McClellan, 
2012). 

The types of scientific studies US EPA considers when evaluating the weight of evidence for causal 
associations and for estimating human health risks include controlled human exposure, epidemiology, and 
experimental studies. In the current ozone evaluation, US EPA appears to give the most weight to 
controlled human exposure and epidemiology studies. Mode-of-Action (MoA) evidence, or information 
regarding functional or anatomical changes at the cellular level, is also considered by US EPA to a limited 
extent, but it doesn’t appear that US EPA relies on MoA studies to inform the level of the proposed 
standard. US EPA does not seem to fully consider the form or averaging time of the standard when 
evaluating any of these studies. 

US EPA (2014b) concludes that there is a causal association between short-temt ozone exposure and 
respiratory effects, and likely causal associations between long-term ozone exposure and respiratory' 
effects (including mortality), as well as short-term ozone exposure and total non-accidental mortality and 
cardiovascular effects (including mortality). We have discussed the evidence regarding cardiovascular 
effects and ail-cause mortality in detail elsewhere (Goodman el al., 2014; Prueitt et al., 2014; Goodman 
and Sax, 2012). Below, we discuss some of the issues associated with the u.se of controlled human 
exposure and epidemiology studies to inform the various elements of the NAAQS, using ozone and 
respiratory effects as an example. 

2 Controlled Human Exposure Studies 


In the controlled human exposure studies, subjects were exposed to ozone through a facemask inhalation 
system or via whole-body exposure in an environmental chamber for several hours, often while 
performing quasi-continuous exercise. Almost all studies included a control scenario in which subjects 
were exposed to filtered air with no ozone. 

Several controlled ozone exposure studies evaluated short exposure durations (2-2.5 h), with exposures 
ranging from 0.1-0. 5 ppm (McDonnell et al. 1983; Seal et al. 1993; Adams 2003; Fotinsbee 1978); others 
evaluated longer exposure durations (6.6-7.6 h), with exposures ranging from 0.04 to 0.12 ppm 
(McDonnell 1991; Adams 2002; Adams 2006; Schelegle et al. 2009; Kim et al. 2011; reviewed by 
Goodman e( al. 2014). Studies with exposure times closer to eight hours are most applicable to the 
NAAQS because that is currently the averaging time of the standard. 

Most of the studies measured forced expiratory’ volume in one second (FEVi) and symptoms {e.g., cough, 
shortness of breath, tearing, eyes burning, throat and nose irritation, chest pain on deep Inspiration, 
headache, dizziness, nausea, confusion, and sweating), while some have also reported forced vital 
capacity (FVC) and the FEVj/FVC ratio, and a few have evaluated inflammatory biomarkers (Devlin et 
al. 2012; Mudway et al. 2001; Aris e/ o/. 1993; Scanneil e/ <?/. 1996). 

Most .studies used square-wave exposures {i.e., ozone concentrations were maintained at a constant level 
throughout tiie exposure period), but Adams (2003, 2006), Schelegle et al. (2009), and Hazucha et al. 
(1992) used triangle exposures (i.e., exposure increased step-wise and then decreased step-wise to achieve 
a target average exposure concentration). The triangular exposure profile may better approximate the 
typical pattern of daytime ambient ozone concentrations than the square-wave profile, but the specific 
patterns used may not reflect typical diurnal patterns. For example, the protocols used for the 0.072 and 
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0.088 ppm exposure scenarios in Schclegle et al. (2009) were Ihc most extreme scenarios among ten 
"candidate" hourly measurements of 6-hour sequences (averaging 0.065-0.088 ppm) across several cities 
(Lefohn and Hazucha, 2005). These represent worst-case scenarios in specific locations, not what would 
be expected on average on a typical day, and thus may not be directly related to the standard. 

Based on these studies, the US EPA Administrator concludes that respiratory effects are generally 
consistent with exposures greater than 0.08 ppm (US EPA, 2014b). The question at issue is whether 
adverse effects occur at exposure levels below the current NAAQS, and if so, what is the lowest exposure 
level at which this occurs? Although she considers the studies by Adams (2002, 2006) which showed no 
effects below the current level of the standard, the Administrator relics more heavily on the studies by 
Schelegle et al. (2009) and Kim et al. (2011) to address this. Small decrements in pulmonary function 
(/.e., small decreases in mean FEVi values with no or slight changes in FVC) were reported at 0.06 ppm 
by Kim et al (2011) and at 0.072 ppm (but not at 0.063 ppm) by Schelegle et al. (2009). US EPA 
concludes that these effects are adverse, while others have argued that they are more likely indicative of 
homeostatic processes (c.g., see Goodman et aL, 2014; Pelligrino, 2010). 

Physical activity increases both the ventilation rate and the distribution of ozone in the lung, which in turn 
increases the dose and the depth in the lung of inhaled ozone relative to an individual at rest. In the four 
studies with exposures below the current level of the NAAQS (Adams, 2002, 2006; Schelegle el al., 
2009; Kim et al., 2011), subjects performed 50 min of continuous exercise followed by 10 min of rest 
each hour, during a 6.6 hour exposure period, to maintain an exercise ventilation of 20 L miri ‘ m'^ body 
surface area. US EPA (1996) stated that the exercise level in these studies should be considered moderate 
based on guidelines it published previously for representative types of exercise (see US EPA, 1986, Table 
10-3). However, in the current UREA, US EPA (2014a) concluded that 13 L min"’ m"^ body surface area 
indicates "moderate or greater exertion." Also, Folinsbee et al. (1988) and McDonnell et al. (1991) noted 
that the exercise regimen common to almost all human controlled exposure studies simulates work 
perfonned during a day of heavy manual labor common in outdoor workers. This indicates that the 
exercise level maintained in these controlled exposure studies is likely much more strenuous and does not 
directly apply to the general population, with the exception of some outdoor workers. In particular, it 
does not apply to the most sensitive populations (e.g., asthmatics), whose conditions would likely prevent 
them from achieving the ventilation rates required to produce the reported small decrements in lung 
function with ozone exposure, ft also does not consider that most people spend a significant portion of 
their day indoors, where ozone levels are well below the exposures in these studies (reviewed by 
McClellan et ai, 2009). Chang et al. (2000), for example, reported exposures that averaged 0.015 ppm in 
the summer and only 0.0036 ppm in the winter over a 12 hour period during the day. There is no aspect 
of the NAAQS that accounts for the ventilation rate of the exposed population, despite this being an 
important component of each individual's total ozone dose. Because of this, ventilation rate is tied to the 
level of the NAAQS, such that the level should represent not only the ozone concentration, but also the 
total dose. 

It should also be noted that these studies evaluated a small number of people, and it is inappropriate to 
extrapolate results from such a small sample size (with a very small number of ozone responders) to the 
US population as a whole. These studies involved people performing quasi-continuous exercise for an 
extended period of time at an intensity not likely achievable by most sensitive individuals, such as 
asthmatics, and under exposure profiles that likely represent worst-case scenarios. Also, because 
compliance with the NAAQS is conservatively based on the single highest monitor in each urban area, as 
indicated by the Administrator in the Proposed Rule, compliance with the current NAAQS will prevent 
some daily exposures of ozone concentrations evaluated in these studies (US EPA, 2014a,b). 

The ultimate goal of the NAAQS is to protect the health of the general population, ineluding sensitive 
groups, and not necessarily people who exercise in chambers for 6 hours or more while being exposed to 
ozone under worst-case exposure profiles. Ideally, controlled exposure studies would have evaluated 
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ozone exposure over a range of ventilation rates (including while at rest), under more realistic cxpo.sure 
scenarios, so that results could be applied to the general and sensitive populations. In the absence of 
studies that address these issues, assessing the adequacy of the NAAQS necessitates careful consideration 
of how exposures and effects reported in the available studies should be interpreted and related to 
expected exposure scenarios and effects in the general population. When this is done, it is evident that 
these studies do not indicate a lower NAAQS level with the current averaging time and form will be more 
health protective than the current one. 

3 Epidemiology Studies 


Epidemiology studies evaluate associations between air quality (usually measured by centra! air monitors) 
and health effects in the population. Time-series analyses and panel studies are often conducted to 
evaluate short-term exposures. In time-series studies, associations between time-varying ozone exposure 
and health are evaluated as they change on a day-to-day basis based on aggregate estimates of exposure 
and outcomes. In contrast, in panel studies, the health status of each subject is repeatedly assessed 
[in some cases, hundreds of times) as exposure varies from day to day, and each subject serves as 
his or her own control. Longitudinal cohort studies are often used to evaluate long-term exposures, in 
these studies, a large cohort of individuals is followed for several years, and a long-term average ozone 
exposure estimated for each individual is compared to the incidence of adverse outcomes. Researchers 
can control for important individual-level characteristics that may be associated with ozone exposures in 
these studies, but may not have enough reliable information to completely account for these factors. 

Below we discuss in more detail factors that impact the interpretation of ozone epidemiology studies and 
how they bear on the assessment of the NAAQS averaging time and level. 

3.1 Averaging Time 

Averaging times are determined based on either acute (intense, short-term) or chronic (long-term) effects. 
The most common averaging times used to evaluate short-term health effects are the maximum 1-hour 
average within a 24-hour period (1-hour maximum), the maximum 8-hour average within a 24-hour 
period {8-hour maximum), the 12-hour average, and the 24-hour average. Most studies report risks based 
on different increments of ozone concentrations (e.g., an increase in mortality per 0.01 or 0.02 ppm 
increase in ozone). In addition, studies often evaluate several lag times (the lag time is the time between 
an exposure and the occurrence of a health effect, e.g., in two days or between zero and two days). 

As acknowledged by US EPA (US EPA, 2014a) and the National Research Council of the National 
Academies of Sciences (NRC, 2008), the use of different averaging times, increments of ozone exposure, 
and lag times among studies has made it challenging to compare results across studies. For example, 
several studies have found that mortality risk estimates vary depending on the averaging times used (see 
Figure 2; Yang et al., 2012; Hunova et al., 2013; Moshammer et oL, 2013; Smith et al, 2009). 

The averaging time of the ozone NAAQS is an 8-hour maximum concentration. In an attempt to compare 
findings from different studies using different averaging times directly to the averaging time of the 
NAAQS, US EPA u.sed a simple ratio (US EPA, 2013a). For example, US EPA converted risks 
associated with a l-hour ozone maximum concentration so that they would be equivalent to risks 
associated with an 8-hour maximum concentration by multiplying by a constant. US EPA estimated each 
ratio by comparing measured ambient air concentrations across the US at different averaging times. That 
is, US EPA assumed a ratio of 2:1. 5:1 for averaging times of 1-hour maximum: 8-hour maximum: 24- 
hour average ozone, based on the observation that average l-hour maximum ozone concentrations are 
generally twice as high as 24-hour average concentrations, and 8-hour maximum concentrations are 
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generally 1.5 times as high as 24-hour average concentrations (Anderson and Bell, 2010). US EPA then 
standardized mortality risk estimates using these ratios so they would have equal risks based on a 0.04 
ppm increase in ozone for a 1-hour maximum exposure, a 0.03 ppm increase in ozone for an 8-hour 
maximum exposure, or a 0.02 ppm increase in ozone for 24-hour average exposure, all of which US EPA 
assumed to be equivalent (US EPA, 2013a). 

Anderson and Bell (2010) assessed this methodology by evaluating 78 communities in the US in 2000 
and 2004; they observed that ratios of ozone concentrations based on different averaging times varied 
across communities and over time. Average ratios for different ozone metrics ranged widely from 1 .08- 
1.26 for the i-hour: 8-hour ratio, from 1.23-1.83 for the 8-hour: 24-hour ratio, and from 1.35-2.20 for the 
1-hour: 24-hour ratio. They found no clear regional patterns. The ratios also varied by season; for most 
communities, ratios were highest in the spring. ITiis analysis demonstrated that when epidemiology 
studies use different exposure metrics, one cannot easily scale risk estimates to facilitate comparisons 
across studies and that this methodology could result in biased risk estimates. 

Rather than convert averaging times in epidemiology studies, EPA should base the NAAQS on studies 
that use appropriate averaging times relative to the current NAAQS averaging time. It would be optimal 
to set an averaging time that was infonned by ozone’s MoA {e.g., overwhelming anti-oxidant defenses, 
which .should happen in a matter of hours). This would result in a NAAQS averaging time that more 
accurately reflects how people might adversely respond to ozone. 

3.2 Level 

The epidemiology studies on which US EPA relies to assess the adequacy of the ozone NAAQS level 
have limitations that impact the interpretation of results. Exposure measurement error, inadequate control 
of confounders, and inappropriate statistical models {e.g., that assume no threshold or evaluate 
inappropriate lags) can all bias results away from the null (Rhomberg et aL, 201 1 ; Goodman et aL, 2014). 

The majority of ozone epidemiology studies rely on central ajnbient monitors to provide community- 
average ambient ozone exposure concentrations. The accuracy of epidemiology associations is predicated 
on the assumption that these measurements reflect personal exposures, yet many studies have found poor 
correlations between ambient ozone levels measured at central-site monitors and personal exposures {e.g., 
Samat et aL, 2001; 2005). indicating a high degree of exposure measurement error. Rhomberg et al. 
(2011) demonstrated that exposure measurement error can linearize concentration-response functions 
(CRFs), and that this generally leads to an overestimate of risks at lower exposures. Meng et al. (2005) 
hypothesized that potential biases can arise in PM2.5 associations because of seasonal variations in 
infiltration behavior. Their hypothetical scenario is entirely applicable - if not more likely — for ozone. 
Also, when ozone and other pollutants in statistical models are ail subject to measurement error, the 
pollutant with tlie smallest error often displays the strongest associations, even if there is no true 
association (Zeger et al, 2000). 

The impact that co-pollutants and other confounding factors can have on the magnitude and direction of 
associations between ozone and various health effects differs in short- and long-term studies, in fact, 
sometimes single-pollutant models yield significant results for several correlated pollutants in the same 
dataset, and this is not fully considered by US EPA. Associations between short-term ozone exposure 
and health status can be impacted by factors that change on a day-to-day basis, such as meteorology {e.g., 
temperature and relative humidity), co-pollutants, pollen and other aeroallergens, and respiratory 
infections. Long-term studies are often confounded by individual-level factors that are only measured 
once over a long time period and that sometimes are affected by self-reporting errors {e.g.. people under- 
report smoking or underestimate body mass index; Stommel and Schoenbom, 2009). These errors can 
affect associations in either positive or negative directions in long term-studies (Fewell et al., 2007). 
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Mode! misspeciflcalion occurs when a statistical model does not accurately reflect true relationships 
between health and covariates, including exposure and potential confounders. Inappropriate control for 
confounders is one way that model misspecification can occur. It can also occur when thresholds or 
appropriate lag times are not fully considered. US EPA has indicated that there is no evidence of an 
ozone threshold in the epidemiology literature, but several researchers have reported tliresholds (e.g., 
Stylianou and Nicolich, 2009; Xia and Tong, 2006; Smith et al., 2009). As discussed by Rhomberg et al 
(201 1), the reason why it may be challenging to identify a threshold for ozone effects in epidemiology 
studies stems from exposure measurement error, which can linearize CRTs, masking the true threshold. 
Also, evidence from both toxicology and controlled exposure studies indicate respiratory (and 
inflammatory) effects have thresholds. Thus, thresholds should be incorporated in statistical models. 

In addition, several studies evaluate inappropriate lag times. For instance, the MoA for respiratory effects 
indicates that the maximal effects occur within hours and resolves within a couple days (e.g., Gold et al., 
1999). Therefore, lung function effects should be observed within one or two days of elevated exposure 
in epidemiology studies. Several studies, however, report a lack of association between ozone and lung 
function at these short lags, but a positive association at longer lags, suggesting that results may be 
impacted by unaddressed confounding, measurement errors, or other methodological shortcomings. For 
example. Mortimer et al. (2002) reported decrements in morning peak expiratory flow (PEF) three days 
following exposure, but a null association at a one-day lag. In another study by Wiwatanadate et al. 
(20 1 0), PEF was reduced on lag day five, but was non-significantly elevated on the same day as exposure. 

US EPA should more fully consider these issues with epidemiology studies when determining how their 
results are extrapolated to the level of the NAAQS. When considered together in light of these 
limitations, these studies do not support a standard with a lower level. 

4 Form 


Finally, an area is considered to be out of compliance, or in non-attainment, if the annual fourlh-highest 
daily maximum, averaged over three years, at a single monitor in that area is above the standard (Federal 
Register, 20]2a,b), The area of non-attainment includes all counties that could contribute to the high 
reading at that single monitor. For example, there are 21 monitors in the Houston-Galveston-Brazoria 
area, and eight counties were in non-attainment in 2014 because three of the 21 monitors (present in three 
counties) indicated air quality that did not meet the NAAQS (TCEQ, 2013). 

US EPA has iteratively modeled decreasing the US anthropogenic emissions of NO^ and volatile organic 
compounds until the design values for all monitors in an urban area are below the level of the standard 
(US RPA, 2014a). Because the highest monitor is what determines compliance, based on US EPA's 
models, other monitors will be farther below the standard. 

It appears to be underappreciated that, with the current standard of 0.075 ppm, all areas in attainment can 
only have monitors with values over 0.075 ppm three times in a year, and that, because this can only be 
the case for the highest monitor, most other areas won't approach this level. For example, the 18 monitors 
meeting the current ozone standard in the Houston-Galveston-Brazoria area in 2014 measured fourth 
highest, three-year average ozone concentrations of 66-75 ppb, whereas the design value for the entire 8- 
county area was 80 ppb. 
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5 Conclusions 


There is widespread misunderstanding of how controlled exposure and epidemiology' studies should be 
considered by US EPA for developing NAAQS. Most studies are not directly applicable, particularly 
when considering the form, level, and averaging time of the standard. It is critical that each element of 
the NAAQS is fully considered, and it is inappropriate to isolate the pollutant level from a study without 
considering other elements of the NAAQS that a study does not directly address. Relating patterns and 
circumstances of exposure, and exposure measurements, from experimental and observational studies to 
ail elements of the NAAQS can be challenging, but if US EPA did this, it would be evident that available 
studies do not indicate that a lower NAAQS level will be more health protective than the current one. 
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Table 1 History of the Ozone National Ambient Air Quality Standard 


Year 

Indicator 

Averaging 

Time 

Level 

(ppm) 

Form 

1971 

total photochemical 
oxidants 

l-hour 

0.08 

Not to be exceeded more than once 

per year 

1979 

ozone 

l-hour 

0.12 

Not to be exceeded more than once 

per year 

1997 

ozone 

8-hour 

0.08 

Annua! fourth-highest daily max, 
averaged over 3 years 

2008 

ozone 

8-hour 

0.075 

Annual fourth-highest daily max, 
averaged over 3 years 


Levels are identical for primary and secondary ozone standards, 
ppm = parts per million. 

Adapted from http://www.epa.gov/ttn/naaqs/standards/o20ne/s_o3_historv.htmf 
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Study 

Sample Size 

Exposure 

Ozone (ppm) 

'^Adams(2006) 


CH-TRI 

0.04 

Ada 

30 

' • FM-^R 

0.04 

Kfm et al. (2C 


CHSQR 

0.0& 

Adams (2006) 

30 

CH-TRI 

0.06 

Adams (2006), 

30 


0.06 

Schelegieeto/- (2009), ' 

31 

CH-TRI 

0.063 

Scheiegie era! (2009) , 


CH-TRI 

0.072 

Adams{2006! 

30 

CH-SQR 

0.08 

Adams (2002) 

30 

FM-SQR 

0.08 

A{3ams(2UUb) 

30 

CH-^TRI 

0.08 

Scheiegie etal. (2009) 

31 

CH-TRI 

0.081 

Scheiegleefo/, (2009) 

31 

CH-TRI 

0.088 

Adams (2002) 

30 

FM-SQR 

0.12 

Adams(2002) 

30 

CH-SQR 

0.12 


10 - 20 % defined as "moderate” 
decrement {USEPA, 2007) 



5 0 -5 -3(1 -35 -20 -25 

Group Mean Change in FEVj {%) 


Figure 1. Ozone Exposure and Lung Function Decrements In Controlled Exposure Studies with 
Exposures below the Current Standard Level (0.07S ppm). CH=Chamber Exposure; FEVi=Forced 
Expiratory Volume in One Second; FM=Face Mask Exposure; SClR=Square-wave Exposure Profile; 
TRl=Triangle Exposure Profile. Adapted from Goodman etal. (2013). 
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Study 

Yangefol (2012) 

Yang eta/. (2012) 

Yanget al. (2012) 

Hunova et at. (2013) 
Hunova etal. (2013) 
Moshammer etal. (2013) 
Moshammer et al. (2013) 
Moshammer et al. (2013) 


Averaging 

Time 

1 -hr max 

8-hr max 

24-hr avg 

8-hr max 
24-hr avg 

1-hr max 

8-hr max 

24-hr avg 



! 


-2-101234 


% increase in daily total mortality 


Figure 2. Ozone Exposure and Daily Mortality. Association between a 10 ppb-increase in l-day lag 
ozone concentrations (measured as either 1-hr max, 8-hr average, or 24-hr average) and daily mortality 
in Suzhou, China (Yang et al., 2012), Prague, Czech Republic (Hunova et al., 2013), and Vienna, Austria 
(Moshammer et al., 2013). 
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Obama Administration Abandons Stricter 
Air-Quality Rules 

ByJOHNM. BRODER 

WASHINGTON — President Obama abandoned a contentious new air pollution rule on Friday, 
buoying business interests that had lobbied hea\Tly against it, angering environmentalists who 
called the move a betrayal and unnerving his own top environmental regulators. 

The president rejected a proposed rule from the Environmental Protection Agencv' that would hav e 
significantly reduced emissions of smog-causing chemicals, saying that it would impose too sev'ere 
a burden on industiy and local governments at a time of economic distress. 

Business groups and Republicans in Congress had complained that meeting the new standard, 
which governs emissions of so-called ground-lev^el ozone, would cost billions of dollars and 
hundreds of thousands of jobs. 

The White House announcement came barely an hour after another weak jobs report from the 
Labor Department and in the midst of an intensifying political debate over the impact of federal 
regulations on job creation that is already a major focus of the presidential campaign. 

The president is planning a major address next week on new measures to stimulate employment. 
Republicans in Congress and on the campaign trail have harshly criticized a number of the 
administration’s environmental and health regulations, which they say are depressing hiring and 
forcing the export of jobs. 

The E.P.A., following the recommendation of its scientific advisers, had proposed lowering the 
so-called ozone standard of 75 parts per billion, set at the end of the Bush administration, to a 
stricter standard of 60 to 70 parts per billion. The change would have thrown hundreds of 
American counties out of compliance with the Clean Air Act and required a major enforcement 
effort by state and local officials, as well as new emissions controls at industries across the countrv’. 

The administration will try' to follow the more lenient Bush administration standard set in 2008 
until a scheduled reconsideration of acceptable pollution limits in 2013. Environmental advocates 
vowed on Friday to challenge that standard in court, saying it is too vv’eak to protect public health 
adequately. 
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Ozone, when combined with other compounds to form smog, contributes to a variety of ailments, 
including heart problems, asthma and other lung disorders. 

Lisa P. Jackson, the E.P.A. administrator, has pushed hard for a tougher ozone standard, telling 
associates that it was one of the mast important regulatory initiatives she would handle during her 
tenure. But she found herself on the losing end of a fight with top White House economic and 
political advisers, who were persuaded by industry arguments that the 2008 ozone rule was due to 
be re\'iewed in two years anyway and who were concerned about the impact on state, local and 
tribal governments that would bear much of the burden of compliance. 

The impact would have been felt hea\dly in a band of Midwest and Great Plains states that are not 
themselves major sources of ozone pollution and that will be critical 2012 electoral battlegrounds. 

In a statement, the president reiterated his commitment to environmental concerns, but added: 

“At the same time, I have continued to underscore the importance of reducing regulatoiy burdens 
and regulatory uncertainty', particularly as our economy continues to recover. With that in mind, 
and after careful consideration, I have requested that Administrator Jackson withdraw the draft 
Ozone National Ambient Air Quality Standards at this time.” 

In words of reassurance directed at Ms. Jackson and the agency she heads, the president said that 
his commitment to the work of the agency was “unwavering.” 

“And my administration will continue to vigorously oppose efforts to weaken E.P.A.'s authority 
under the Clean Air Act or dismantle the progress we have made,” he said. 

Ms. Jackson accepted the White House decision with a terse statement: “We will revisit the ozone 
standard, in compliance with the Clean Air Act.” 

She pointed with pride to the administration’s record of establishing a range of other air quality 
safeguards for power plants, manufacturing facilities and vehicles that will also help to reduce 
ozone pollution across the countr>\ 

Ms. Jackson had made clear her intention to follow her scientific advisers and set a new standard 
within the more restrictive range by the end of this year. She has told associates that her success in 
addressing this problem would be a reflection of her ability to perform her job. The agency sent the 
now-rejected standards to the White House in July with the expectation that they would be Issued 
by Aug. 31 . 

While some senior agency officials expressed disappointment with the decision, they also said they 
understood that it was their job to offer their best technical adtyce to the White House and that the 
ultimate decision rested with the president, wbo has to stand for re-election and consider other 
factors. 
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Reaction from en\Tronmenta! advocates ranged from disappointment to fur}', \\ith several noting 
that in just the past month the administration had tentatively approved drilling in the Arctic, given 
an environmental green light to the 1,700-niile Keystone XL oil pipeline from Alberta, Canada, to 
Texas and opened 20 million more acres of the Gulf of Mexico to drilling. 

Daniel J. Weiss, senior fellow at the Center for American Progress, said, “Today’s announcement 
from the White House that they will retreat from implementing the much-needed — and 
long-overdue — ozone pollution standard is deeply disappointing and grants an item on Big Oil’s 
Avish list at the expen.se of the health of children, seniors and the infirm.” The center is a liberal 
research group with close ties to the White House. 

Bill McKibben, an actmst leading a tw^o-week White House protest against the pipeline project 
which has resulted in more than 1,000 arrests, said that the latest move was “flabbergastiug.” 

“Somehow we need to get back the president we thought we elected in 2008,” he said. 

Cass R. Sunstein, w’ho leads the White House office that review's all major regulations, said he was 
carefully scrutinizing proposed rules across the government to ensure that they are cost efficient 
and based on the best current science. He said in a letter to Ms. Jackson that the studies on which 
the E.P.A.’s proposed rule is based were completed in 2006 and that new' assessments were already 
under way. 

The issue had become a flashpoint between the administration and Republicans in Congress, who 
held up the proposed ozone rule as a test of the White House’s commitment to regulatory reform 
and job creation. Imposing the new rule before the 2012 election would have created political 
problems for the administration and for Democrats nationwide seeking election in a brittle 
economy. 

Leaders of major business groups — including the U.S. Chamber of Commerce, the National 
Association of Manufacturers, the American Petroleum Institute and the Business Roundtable — 
met with Ms. Jackson and with top White House officials this summer seeking to moderate, delay 
or kill the rule. They told William M. Daley, the White House chief of staff, that the rule would be 
very costly to industry and would hurt Mr. Obama’s chances for a second term. 

John Engler, a former governor of Michigan and chairman of the Business Roundtable, said Friday 
in a statement; “Creating U.S. jobs and providing more economic certainty for all Americans, 
especially on the heels of today’s news that the U.S. unemployment rate remains persistently high, 
is our greatest challenge. If President Obama’s speech next w'eek is as positive as this decision was 
today, it w'ill be a success." 

Representative Eric Cantor, the majority leader, said this week that the House would review the 
ozone rule, w'hich he called the most onerous of all proposed regulations. 
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“This effective ban or restriction on construction and industrial growth for much of America is 
possibly the most harmful of all the cuiTently anticipated Obama administration regulations,” Mr. 

Cantor wrote. He said that the impact would be felt across the economy and cost as much as Si 
trillion and millions of jobs over the next decade. 

Leslie Kaufinan contributed reporting from New York. 
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Abstract 

The U.5. Environmental Protection Agency (ERA), under the authority of the Clean Air Act (CAA), is required to 
promulgate National Ambient Air Quality Standards (NAAQSs) for criteria air pollutants, including ozone. Each 
NAAQS includes a primary health-based standard and a secondary or welfare-based standard. This paper consid- 
ers only the science used for revision of the primary standard for ozone in 2008. This paper summarizes delibera- 
tions of a small group of scientists who met in June 2007 to review the scientific information informing the EPA 
Administrator's proposed revision of the 1997 standard. The Panel recognized that there is no scientific method- 
ology that, in the absence of judgment, can define the precise numerical level, related averaging time, and sta- 
tistical form of the NAAQS. The selection of these elements of the NAAQS involves policy judgments that should 
be informed by scientific information and analyses. Thus, the Panel members did not feel it appropriate to offer 
either their individual or collective judgment on the specific numerical level of the NAAQS for ozone. The Panel 
deliberations focused on the scientific data available on the health effects of exposure to ambient concentrations 
of ozone, controlled ozone exposure studies with human volunteers, long-term epidemiological studies, time- 
series epidemiological studies, human panel studies, and toxicological investigations.The deliberations also dealt 
with the issue of background levels of ozone of nonanthropogenic origin and issues Involved with conducting 
forma! risk assessments of the health impacts of current and prospective levels of ambient ozone. The scientific 
issues that were central to the EPA Administrator’s 2008 revision of the NAAQS for ozone will undoubtedly also 
be critical to the next review of the ozone standard. That review should begin very soon if it is to be completed 
within the 5-year cycle specified in the CAA. It is hoped that this Report will stimulate discussion of these scien- 
tific issues, conduct of additional research, and conduct of new analyses that will provide an improved scientific 
basis for the policy judgment that will have to be made by a future EPA Administrator in considering potential 
revision of the ozone standard. 

Keywords: Ozone, air quality, national ambient air quality standards, air pollution, respiratory effects, clean air act, 
risk assessment 
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Introduction 

This report summarizes the deliberations of the participants 
in a Working Conference to discuss key considerations in 
evaluating the scientific evidence on the health effects of 
ambient ozone that are germane to policy judgments on 
the setting of the National Ambient Air Quality Standard 
for ozone. Tire workshop was organized and parttcipanis 
invited by Mark J. Utell, Professor of Medicine, University 
of Rochester, with financial support and input from the 
American Petroleum Institute (API). Panicipants received 
copies of the key U.vS. Emironmental Protection Agency 
(HPA) documents and reprints of key papers prior to the 
meeting and identified additional reprint.s that were distrib- 
uted to the Panel in advance of the meeting. 

The workshop, held June 5-6, 2007 in Rochester, New 
York, took advantage of the small number of participants to 
hold discussions in a roundtable formal, with individuals 
leading the conversation in their particular areas of inter- 
est. A representative from the API and another from the EPA 
served as valuable, resources and provided clarifying infor- 
mation when requested by the participants of the Working 
Conference. Ihe APT and EPA representatives had no role 
in preparation or review of the report. Roger McClellan 
agreed to coordinate the preparation of a summary report 
based on written material submitted by the participants. All 
participants review'ed and commented on the entire report 
to help ensure its accuracy and clarity for a broad audi- 
ence. However, readers of the report should recognize that 
although the individual participants are experts in one or 
more of the topics covered, no participant had an in-depth 


knowledge of all the area.s covered. In areas as complex as 
(hose covered at the Conference and in this report, indi- 
vidual scientists may have differing views on interpretation 
of specific scientific issues. Moreover, individual scientists 
reviewing the same science may reach different judgments 
in applying the science in the standard-setting process. Thus, 
the participants did not attempt to forge a consensus on all 
scientific issues. Most importantly, the participants did not 
offer either individual judgments or a consensus judgment 
as to the numerical level of the National Ambient Air Quality 
Standard (NAAQS) for ozone. TJie participants agreed that 
although the science reviewed and discu.ssed should inform 
the setting of die NAAQS for ozone, the selection of a specific 
numerical level, averagiug time, and associated statistical 
form for the NAAQS was not a specific focus of die workshop 
and, most importantly, such policy judgments are ultimately 
the responsibility of the EPA Administrator as described in 
the next section. 


Clean Air Act authority for setting NAAQS 

Section 108 (42U.S.C. § 7408) directs the Administrator to 
identify and list "air pollutants’’ diat "in his judgment, may 
reasonably be anticipated to endanger public health and 
welfare" and whose “presence.. .in the ambient air results 
from numerous or diverse mobile or stationary sources" 
and to issue air quality criteria for those that are listed. .Air 
quality criteria are intended to "accurately reflect the lat- 
est scientific knowledge useful in indicating die kind and 
extent of identifiable effects on public healdi or welfare 
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which may be expected from the presence of [aj pollutant 
in ambient air...” 

Section 109 (42U.S.C. § 7409) directs the Administrator to 
propose and promulgate "primary" and "secondary” NAAQS 
for pollutants listed under section 108. Section 109(b)(1) 
defines a primary standard as one "the attainment and 
maintenance of which in the judgment of the Administrator, 
based on such criteria and allowing an adequate margin of 
safety, are requisite to protect the public health." 'The legisla- 
tive history of § 109 indicates that a primary standard is to he 
set at "die maximum permissible ambient airlevel...which 
will protect the health of any [sensitive] group of the popula- 
tion,” and thatfor this purpose "reference should be made to 
a representative sample of persons comprising the sensitive 
group rather than to a single person in such a group" (S. Rep. 
No. 91-1196, 91sl Cong., 2d Sess. 10 (1970). 

A secondary standard, as defined in § 109(b)(2), must 
“specify a level of air quality the attainment and mainte- 
nance of which, in the judgment of the Administrator, based 
on such criteria, is requisite to protect the public welfare 
from any known or anticipated adverse effects associated 
with the presence of [the] pollutant in the ambient air." 
Welfare effects as defined in § 302(h) (42U.S.C. § 7602(h)) 
include, hut are not limited to, "effects on soils, water, crops, 
vegetation, man-made materials, animals, wildlife, weather, 
visibility and climate, damage to and deterioration of prop- 
erty, and hazards to transportation, as well as effects on eco- 
nomic values and on personal comfort and well-being." This 
report deals exclUsSively with the sScientific issues involved in 
setting the primary (public health) standard and does not 
consider issues related to the setting of the secondary (wel- 
fare) standard. 

The requirement that primary standards include an 
adequate margin of safety was intended to address uncer- 
tainties associated with inconclusive scientific and techni- 
cal information available at the time of standard setting. 
It was also intended to provide a reasonable degree of 
protection against hazards that research has not yet iden- 
tified. [Lead Industries Association u EPA, 647 F.2d 1130, 
1154 (D.C. Cir 1980), cert, denied, 4491J.S. 1042 (1980); 
American Petroleum Institute u Costle, 665 F.2d 1176, 1186 
(D.C. Cir. 1981), cert, denied, 455 U.S. 1034 (1982).] Both 
kinds of uncertainties are components of the risk associ- 
ated with pollution at levels below those at which human 
health effects can be said to occur with reasonable scien- 
tific certainty. Thus, in selecting primary .standards that 
include an adequate margin of safety, the Administrator 
is seeking not only to prevent pollution levels that have 
been demonstrated to be harmful but also to prevent 
low'er pollutant levels that may pose an unacceptable risk 
of harm, even if the risk is not precisely identified as to 
nature or degree. The Clean Air Act does not require the 
Administrator to establish a primary NAAQS at a zero- 
risk level or at background concentration levels {see Lead 
Industries Association v. EPA, 647 F.2d at 1156 n.51), but 
rather at a level that reduces risk sufficiently so as to pro- 
tect public health with an adequate margin of safety. 


Health ejfects o f ambient ozone 3 

In addressing the requirement for an adequate mar- 
gin of safety, EPA considers such factors as the nature and 
severity of the health effects, the size of the popuiation{s) at 
risk, and the nature and degree of uncertainties dial must 
be addressed. The selection of any particular approach to 
providing an adequate margin of safety is a policy choice left 
specifically to the Administrator's judgment. Lead Industries 
Association u EPA, 647 K2d at 1161-62; Wliitman v. American 
Trucldng Associations, 531 U.S. 457, 495 (2001) (Breyer, J., 
concurring in part and concurring in judgment). 

In setting standards that are "requisite” to protect public 
health and w'elfare, as provided in section 109(b), EPA’s task is 
to establish standards that are neither more or less stringent 
than necessary tor these purposes {Whitman u American 
Trucking Associations, 531 U.S. 457, 473). In establishing 
"requisite" primary and secondary standards, EPA may not 
consider the costs of implementing the standards {Id. at 
47i). As discus.sed by Jnstice Breyer in Whitman u American 
Trucking Associations, however, “this interpretation of § 
109 does not require the EPA to eliminate every health risk, 
however slight, at any economic cost, however great, to the 
point of “hurtling” industry over “the brink of ruin," or even 
forcing "deindustrialization.” {Id. at 494) (Breyer, J., concur- 
ring in part and concurring in judgment) {citations omitted). 
Ratlier, as Justice Breyer explained: 

"The statute, by its express terms, does not compel the elimi- 
nation of all risk; and it grants the Administrator sufficient 
flexibility to avoid setting ambient air quality standards 
ruinous to industry. 

Section 109(b)(1) directs the Administrator to set stand- 
ards that are "requisite to protect the public health" with 
"an adequate margin of safety." But these words do not 
describe a world that is flee of all risk— -an impossible 
and unde.sirable objective, (citation omitted). Nor are the 
words “requisite" and "public health” to be understood 
independent of context. We consider football equipment 
“safe” even if its use entails a level of risk that would make 
drinking water "unsafe" for consumptiotv And what 
counts as “requisite" to protecting the public health will 
similarly vary with background circumstances, such as 
the public's orcUnary tolerance of the particular health risk 
in the particular context at issue. The Administrator can 
consider such background circumstances when "deciding 
what risks are acceptable in the world in which we live.” 
(citation omitted). 

The statute also permiLs the Administrator to take account 
of comparative health ri.sks. That is to scp^>, she may con- 
sider whether a proposed rule promotes safety overall. A 
rule likely to cause more harm to health than it prevents is 
not a rule that is “requisite to protect the public health." For 
example, as the Court of Appeals held and the parties do 
not contest, the Administrator has the authority to deter- 
mine to what extent possible health risks stemming from 
reductions in tropospheric ozone (which, it Ls claimed, 
helps prevent cataracts and skin cancer) should be taken 
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into account in setting the ambient air quality standard for 
ozone. (Citation omitted). 

The statute ultimately .‘specifies that the standard set must 
be “requisite to protect the public health" "in the judgment 
of the Administrator," § 109(b)(1), 84 Stat. 1 6S0 (emphasis 
added), a phrase that grants the Administrator consider- 
able discretionary standard-setting authority. 

Ihe statute's words, then, authorize the Administrator 
to consider the severity of a pollutant’s potential adverse 
health effects, the number of those likely to he affected, 
the distribution of the adverse effects, and the uncertain- 
ties surrounding each e.stimate. (citation omitted). They 
permit the Administrator to take account of comparative 
health consequences. They allow her to take account of 
context when determining the acceptability of small risks 
to health. And they give her considerable discretion when 
she does so. 

This discretion would seem sufficient to avoid the extreme 
results that some of the industry parties fear. After all, the 
EPA, in setting standards that "protect the public health" 
with "an adequate margin of safety.” retains discretionary 
authority to avoid regulating risks that it reasonably con- 
cludes are trivial in context. Nor need regulation lead to 
deindustrialization. Pre-industrial society was not a very 
healthy society; hence a standard demanding the return 
of the Stone Age would not prove "requisite to protect the 
public health.” 

Although I rely more heavily than does the Court upon 
legislative history and alternative sources of statutory flex- 
ibility, I reach the same ultimate conclusion. Section 109 
does not delegate to the EPA authority to base the national 
ambient air quality standards, in whole or in part, upon 
the economic costs of compliance." 

Section 109(d)(1) of the Clean Air Act requires that “not later 
than December 31, 1980, and at 5-year intervals thereafter, 
the Administrator shall completea thorough rcviewofthe cri- 
teria published under section 108 and the naiionai ambient 
air quality standards... and shall make such revisions in such 
criteria and standards and promulgate such nevtf standards 
as may be appropriate...." Section 109(d)(2) requires that an 
independent scientific review committee "shall complete a 
review of the criteria.. .and the national primary and second- 
ary ambient air quality standards.. .and shall recommend 
to the Administrator any new.. .standards and revisions of 
existing criteria and standards as may be appropriate..." This 
independent review function is performed by the Clean Air 
Scientific Advisory Committee (CASAC) of EPA’s Science 
Advisory Board. 

Historical review of the NAAQS for ozone 

Each NAAQsS consists of four elements: an indicator, an 
averaging time, a numerical level, and a statistical form. The 
initial NAAQS for photochemical oxidants was promulgated 
on April 30, 1971, with both the primary and secondary 


standard set at 0.08 ppm, total photochemical oxidants, 
not to be exceeded more than 1 h per year. On February 8, 
1977, the NAAQS for photochemical oxidants was revised. 
The indicator was changed to ozone, and the associated ana- 
lytical method changed, with the level of both the primary 
and secondary standard set at 0.12 ppm ozone for a 1-h 
averaging time. The form of the standard was also changed 
to one based on the expected number of days per calendar 
year with a maximum hourly average concentration above 
0.12 ppm (i.e., attainment of the standard occurs when that 
number is equal to or less than 1). On July 18, 1997, the 
ozone NAAQS was revised with the averaging time changed 
from 1 to 8 h and the numerical level set at 0.08 ppm, which 
may be viewed as equivalent to 0.084 ppm using the stand- 
ard rounding convention. The form of the standard was 
changed to the annual fourtli-highest daily maximum 8-h 
average concentration, averaged over 3 years. Without going 
into the details, provision was made for an orderly transition 
from the 1-h averaging time to an 8-h averaging time. It is 
obvious that i-h averaging time values exceed 8- h averaging 
time ozone values, which in turn exceed 24-h averaging time 
ozone values. The relationship between the three averag- 
ing time values varie.s day to day, throughout tlie year, and 
among different communities. In 1996-1997, it was viewed 
on average that a 0.12-ppm, 1-h averaging time value, was 
approximately equivalent to 0.09 ppm ozone averaged over 
8 h. Thus, the 1997 NAAQS of 0.08 ppm averaged over 8 h was 
expected to he somewhat more restrictive than the previ- 
ous 1-h averaging time NAAQS set at 0.12 ppm ozone. The 
1997 revision of the NAAQS for ozone was based on the EPA 
Criteria Document (1996a) and Staff Paper (1996b). 

The HPA initiated, in September 2000, the review com- 
pleted in March 2008 with a call for information for the 
development of a revised Air Quality Criteria Document 
for ozone and odier photochemical oxidants. Ute EPA, 
under a court decree, after several extensions, was required 
to complete its review of the scientific criteria for ambient 
ozone limits aud sign the publication notices of proposal 
and final rule making of the ozone NAAQS by June 20, 2007, 
and March 12, 2008, respectively. To meet this schedule, 
the EPA prepared a new Criteria Document (2006) and Staff 
Paper (2007a). The Staff Paper was supported by an ozone 
population exposure analysis forselected urban areas (EPA, 
2007b), an analysis of uncertainties in the exposure analysis 
(EPA, 2007c) and a detailed ozone health risk assessment 
for selected urban areas (EPA, 2007d). 

The Administrator met the June 20, 2007, deadline for 
the proposed rule making with the Proposed Rule pub- 
lished in the July 11, 2007 Federal Register (EPA, 2007e). 
In summary, "The Administrator’s proposed decision is to 
revise the existing 8-h ozone primary standard by lowering 
the level to within a range from 0.070 to 0.075 ppm, and to 
specify the standard to the nearest thousandths ppm (i.e., to 
the nearest parts per “billion"). In the Proposed Rule, "the 
EPA solicits comments on alternative levels down to 0.060 
ppm and up to and including retaining the current 8-h 
standard of 0.08 ppm (effectively 0.084 ppm using current 
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data rounding conventions)." Ihe HPA's proposed rule was 
based on consideration of evidence of ozone health effects 
from controlled human exposure, epidemiological and 
toxicological studies. In this report, each of these kinds of 
evidence is discussed and critiqued. By way of background, 
the EPA also prepares an additional document, a Regulatory 
Impact Analysis, to support the development of air pollution 
regulations. That report (EPA, 2007f) was released on August 
2, 2007. The report is not part of tlte standard selection proc- 
ess. It is intended to inform the public and States about the 
potential costs and benefits of implementing the proposed 
air quality standards. 'The Panel did not review that report. 
However, it is obvious that many of the issues discussed 
in this report, especially those addressing risk assessment 
issues, are also relevant to the preparation and interpreta- 
tion of the Regulatory Impact Analysis. 

EPA Administrator Stephen Johnson announced the Final 
Rule for the National Ajubient Air Quality Standard for ozone 
on March 12, 2008, and tlie Final Rule was published in the 
March 27, 2008, Federal Register (EPA, 2008). The NAAQS for 
ozone was revised with the primary standard set at 0.075 ppm 
for an 8-h averaging time. The statistical form of the standard 
was not changed, namely, the revised 8-h primaiy standard of 
0.075 ppm will be met at an ambient monitoring site when the 
S-ycar average of the annual four highest daily maximum 8-h 
average 0,, concentration is less than or equal to 0.075 ppm. 

Framework for evaluating health effects 

The general framework used for integraling scientific infor- 
mation on ambient air pollutants and their health effects is 
shown in Figure 1. This framework has been widely used in 
evaluating the health risks of airborne materials and pro- 
vided the basis for the deliberations and recommendations 
in the four reports of the National Research Council (NRC) 
Committee on “Research Priorities for Airborne Particulate 
Matter” (NRC, 1998, 1999, 2001, 2003). We refer to it here to 
make several overarching points. 


Public health goal 

It is important to emphasize that explicit in the Clean 
Air Act is the intent to regulate air pollutants, such as the 
criteria air pollutants including ozone, to manage health 
impacts of air pollution to acceptable risk levels. This is 
accomplished In a multistep process. The first is to estab- 
lish NAAQS for specific pollutants such as ozone In a 
second step, measures are taken to limit the man-made 
emissions of the pollutant or its precursors to achieve 
ambient air concentrations compliant with the appropri- 
ate NAAQS. 

Ozone is formed in the troposphere from precursors that 
are of both biogenic and anthropogenic origins. Thus, even 
in the absence of man-made (antlrropogenic) emissions of 
ozone precursors, there are ambient concentrations of ozone 
from biogenic precursors, lightning, and periodic intrusions 
of stratospheric ozone into the troposphere. To assist in con- 
sidering the portion of the ambient ozone of natural origin, 
and, thus, not readily controllable, the EPA has introduced 
the concept of "Policy Relevant Background” ozone. It is 
defined "as theozone concentrations that wouldbe observed 
in the U.S. in the absence of anthropogenic emissions of 
precursors (c.g., VOC, NO^ and CO) in the U.S., Canada and 
Mexico.” The issue of Policy Relevant Background ozone is of 
sufficient importance that it will be discu.ssed in a separate 
section of this paper. 

Monitoring data 

Substantial monitoring data on regulated pollutants are rou- 
tinely collected in locales across the United States, primarily 
to demonstrate compliance with the NAAQS for the indi- 
vidual air pollutants. Other pollutants are monitored much 
less frequently and typically on a "campaign” basis rather 
than the year-after-year, decade-after-decade approach 
taken with the Criteria Pollutants. Ozone levels have gener- 
ally been decreasing in most communities across tlie United 
States as a result of air quality control measures, with an 
estimated 21% rednetion (8-h maximum average) and a 29% 
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Figure 1. Framework for evaluating health risks of ozone. 
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reduction (l-h maximum average) in ambient ozone nation- 
wide since 1980 (EPA, 2007g). 

Significant progress has also been made in reducing 
ambient concentrations of otlier criteria pollutants. In addi- 
tion to evaluating compliance with the NAAQS, the routine 
monitoring data have also been used extensively as indices 
of exposure in epidemiological studies in which the air qual- 
ity data are most frequently used in combination with data 
on morbidity and mortality of populations obtained from 
administrative databases. 

Personal exposure 

It is obvious that individuals breathe whatever is in the air in 
their personal breathing zone. Tlie concentration of ozone 
measured at monitoring stations is an imperfect surrogate 
for the ozone concentration at other locations. The corre- 
lation betw'een ambient monitor concentrations and that 
found in the interiors of homes, offices, other workplaces, 
and other buildings is poor because of the high reactivity of 
ozone deposition on surfaces, and the influence of building 
ventilation. As discussed ina later section, some studies have 
attempted to characterize the actual exposure of individuals. 
Tliose kinds of exposure data are valuable for studying small 
groups of individuals. However, it is not feasible to acquire 
personal exposure data on large populations of individuals 
over long periods of time. 

Dosimetry of inhaled ozone 

Substantial knowledge has been acquired of the relationship 
between quantities of ozone inhaled and the deposition of 
ozone in the respiratory tract of humans and some laboratory 
animal species. This information is of .special value in under- 
standing how inhaled ozone affects the body. Moreover, it is 
useful in understanding how toxicological data acquired in 
laboratory animal species may be extrapolated to humans, 
recognizing critical species differences in ozone dosimetry. 

Conduct of epidemiological investigations 
Epidemiological investigations provide highly relevant evi- 
dence as to whether ambient environmental factors, such 
as air pollutants, including ozone, can adversely affect the 
health of the general public. Ihese studies are especially 
valuable because they consider the real-world experiences 
of people as they are exposed to air pollution in the course 
of their daily lives. The majority of the studies of ozone expo- 
sure have been observational semiecological studies that 
analyze aggregate ambient concentiarion data as a surrogate 
for exposure for large groups of people. Tlie studies seek to 
evaluate whether a statistical association exists between 
ambient ozone concentrations and a health outcome. By 
assuming that ambient concentrations are correlated with 
exposures, and ejqjosures are correlated with personal doses, 
epidemiological studies attempt to link ambient ozone and 
health outcomes showm in Figure 1. Ozone concentrations 
measured at one or a few central monitors are used as an 
index of exposure. As noted earlier, the monitoring data are 
typically required for regulatory compliance purpose; their 


use in epidemiological studies is a fringe benefit. The moni- 
tors are rarely located with special attention given to the 
location as being representative of a specific population. The 
ozone data maybe available from daily measurements made 
year round or only in the summer when ozone concentra- 
tions are generally higher. They may be aggregated as a daily 
24-h average, the highe.st 8-h average or the maximum l-h 
concentration. The latter two indices reflect past NAAQSs for 
ozone that used 8-h or l-h averaging times. At many moni- 
toring stations, data are acquired on other criteriapoiluiants, 
temperature, and relative humidity. Various health indices, 
such as measures of morbidity or mortality, are evaluated 
for their association with ambient ozone concentration. 
Hie result may be expressed as a proportional increase or 
decrease in the health index per iucrement of ozone con- 
centration. None of the health effects evaluated are unique 
to ozone. Exposure to other pollutants, temperature, relative 
humidity, offier indicators of weather, as well as population 
characteristics such as age, health status, socioeconomic sta- 
tus, housing, and exercise also influence the various health 
effects. The role of ozone must be .statistically separated from 
these other health determinants, which presents the most 
diffiailt challenge in epidemiological studies of this sort. 

Overarching issues 

Policy Relevant Background 

The issue of defining and then characterizingthe background 
concentrations of ozone is of critical imporiance for several 
reasons to any potential revision of the NAAQS for ozone. 
The definition used for background ozone will determine the 
relevant background ambient ozone concentrations, in this 
NAAQS ozone review, the EPA has coined the term, Policy 
Relevant Background (PRB) of ozone. 'Ibis is defined as the 
ozone concentrations that would be observed in the United 
States in the absence of anthropogenic emissions of precur- 
sors (c.g., VOC, NOj. and CO) in the United States, Canada, 
and Mexico. Indeed, the Policy Relevant Background values 
used in the Staff Paper and Risk Assessment were set by 
"turning off the inputs for man-made precursors of ozone" in 
a low-resolution chemical transport model (GEOS-CHEM) 
(Eiorc et al., 2002, 2003). The GEOS-CHEM model has very 
low spatial resolution (2 degrees by 2.5 degrees). This cor- 
responds to 138 miles by 173 miles with an area of 21,000 
square miles, an area about half that of the Commonwealth 
of Pennsylvania. 

it is especially significant that die manner in which the 
model was used zeros out all Canadian and Mexican man- 
made emissions of ozone precursors. As a result, the Policy 
Relevant Background estimates the EPA uses overstate the 
levels of ozone that U.S. regulations can potentially control. 
An alternative definition of Policj' Relevant Background for 
ozone would he the background ambient concentrations of 
ozone projected for the United States in the absence of emis- 
sions of man-made precursors of ozone in the United Stales. 
Usingthisdefinitionwould allow characterization of the con- 
centrations of ozone attributable to man-made precursors 
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by the difference betvi'een measured or modeled ambient 
ozone concentrations and the estimated background con- 
centrations of ozone. This would be the portion of ambient 
ozone that could be influenced by U.S. regulatioas and the 
actions of the regulated sources of ozone precursors. 

Getting the background ambient concentrations of 
ozone correct across the United States is vitally important to 
understanding how the background concentration of ozone 
will influence the likelihood that communities wiU attain 
any particular NAAQS for ozone. Since 1997, the NAAQS 
for ozone has had an averaging lime of 8h and an associ- 
ated statistical form. Thus, it is necessary to characterize the 
distribution of each hour’s ozone PRB over multiple days to 
capture the variability in PRB and not just a typical or "aver- 
age” level in order to determine how the background levels 
of ozone will influence the attainment of the 8-h averaging 
lime. With a robust statistical form used to define attain- 
ment of the 8-h averaging time .standard, infrequent high 
levels of background ozone may keep many communities 
from attaining the standard, despite stringent limits on the 
emissions of man-made precursors of ozone. The lower 
the numerical level of the 8-h averaging time standard, the 
higher the likelihood that background levels of ozone will 
influence whether the community is in or out of attainment. 
Tills likelihood cannot be captured in modeled estimates of 
PRB that do not adequately reflect its day-to-day variabilit)' 
and spatial variability. 

How background concentrations of ozone are defined 
and characterized has a major influence on the results of 
the risk assessment for current levels of ozone and various 
potential levels of NAAQS for ozone and the interpretation 
of these results. By assuming w'hat are likely to be unreal- 
istically low estimates of background ozone, the EPA has 
calculated risks at low ambient ozone concentrations that 
are not controllable with U.S. regulations and, further, 
treated these calculated risks as though they were attribut- 
able to ozone arising from man-made sources in the United 
States. 

'The EPA, in its proposed rule for ozone, acknowledged 
the shortcoming of the treatment of "Policy Relevant 
Background” in the Staff Paper, the Risk Assessment, and 
the Proposed Rule by noting in footnote 40 to the Proposed 
Rule that it will perform further analyses on this issue (EPA, 
2007f). A good starting point for such analyses would be 
to include in a future Criteria Document and Staff Paper 
alternative approaches to considering background concen- 
trations of ozone. Papers on ozone background levels that 
deserve careful consideration include those of Vingarzan 
(2004) and Oltmansctal (2006). Tire importance of the issue 
of background levels of ozone is such that any revised infor- 
mation developed on thi.s issue should be open for public 
review and comment. It is vitally important to recognize 
that choices made in estimating background ozone levels 
will necessitate changes in the risk assessment for ozone as 
regards the portion of estimated risk that may be attributed 
to background levels of ozone versus that attributed to man- 
made sources. 
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Variability and uncertainty 

Hie topics of uncertainty and variability in the context of 
environmental risk assessment and regulatory decision 
maldng have been discussed at length in many reports of 
the National Research Council (NRC, 1983, 1993, 1994, 2002, 
2007a, 2007b) prepared over the past 25 years. This section 
briefly summarizes definitions and main themes. For more 
extensive discussion the reader is referred to these National 
Academies reports and the multitude of references they 
contain. 

The basic problem is a lack of data and a lack of scientific 
understanding and predictability of the impact of regula- 
tion on improving human health and the environment. In 
thetransmittalletter for the seminal 1983 NRC report (NRC, 
1983, page iii). National Academy of Science President Frank 
Press stated, “ ... the committee finds that the basic problem 
in risk assessment is the incompleteness of data ... The 
Summary of that report provides an expanded version of this 
statement hy the authoring Committee: "The Committee 
believes that the basic problem in risk assessment is the 
sparseness and uncertainly of the scientific knowledge of 
the health hazards addressed, and this problem has no ready 
solution” (NRC, 1983, page 6). This theme is reiterated in the 
1994 report, citing statements from the 1983 report similar Lo 
the two quotations above(NRC, 1994, page 160). 

Uncertainty 

“Uncertainty can be defined as a lack of precise knowledge 
as to what the truth is, whether qualitative or quantitative. 
That lack of knowledge creates an intellectual problem— 
that we do not know what ‘scientific trurh' is; and a practi- 
cal problem— we need to determine how to assess and deal 
with risk in the light of that uncertainly” (NRC, 1994, page 
161). "Scientific truth is always somewhat uncertain and 
is subject to revision as new understanding develops, but 
uncertainty in quantitative health risk assessment might be 
uniquely large, relative to other science policy areas, and it 
requires special attention by risk analysts.” (Ibid. See also the 
Summary [NRC, 1994, pages 11-12]). In the context of this 
document, uncertainty refers to lack of knowledge on the 
human health impacts of changes in exposure to ozone and 
associated air pollutants for which monitored ozone con- 
centrations may be an indicator. Uncertainty may also refer 
to lack of knowledge in the relation of ambient ozone levels 
to precursor emissions. 

Variability 

Variability may be defined as a description of differences 
among a jxjpulalion or a set of situations lliat one can 
describe in applying classical statistical methods to describ- 
ing these differences. Variation in people’s weight provides 
a simple example. A distribution of weights of adult males 
in the United Stales population describes the probability 
that the weight of an adult male chosen at random, among 
ail those in the United States, will fall within given intervals 
from the lightest to the hea\iest. For example, the probabil- 
ity of a w'eight of 150 ro 155 pounds might be given as 4.1%, 
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signifying that 4.1% of American adult males fall within this 
interval and that 95.9% weigh less than 150 or more than 155 
pounds. If a subpopulation is selected, such as adult males 
from 60 up to 65 years of age, then this probability may 
change. Now only a subset of the data on w'eight of adult 
males, those aged 60-64, ratlier than all males at least 21 
years of age, are used for the distribution. 

A more complex example is susceptibility to health 
impact, such as a change in lung function measurement 
(such as forced expiratory volume al 1 second [FEV^)) or 
in recorded s>miptoms, such as pain on deep inspiration 
resulting from exposure while exercising to ozone for a spe- 
cific length of time and at a specific concentration. This is 
not a situation brought about by lack of data, but rather that 
the available data indicate that individuals differ in their 
response to an air pollutant such as ozone. For example, 
the subset of people who have been diagnosed with asthma 
may differ from those who have not been so diagnosed in 
their re.sponse to ozone. Similarly, because of differences in 
meteorological conditions and other factors, there is a great 
deal of variability how reductions in emissions of ozone pre- 
cursors affect the ozone concentration levels that different 
individuals with differing exercise patterns in different loca- 
tions experience. A detailed statistical description of ozone 
exposure over time to a population of individuals in different 
locations in a major city can become quite complex, even if 
ail the relationships involved were known. 

Both NRC Reports (NRC, 1983, 1 994) urge EPA to improve 
its characterization of uncertainty in risk assessments, and 
to disaggregate and justify its assumptions in dealing with 
uncertainty (limitations in scientific knowledge and lack 
of data) and in variability among individual humans and 
exposure situations. Both uncertainty and variability can he 
treated using modem staiisticai methods, which include the 
use of expert judgment and inference methods to develop 
probability distributions in the absence of data. (Good recent 
reviews on uncertainty in risk assessment are found in NRC 
[2007a], pages 79-88, and NRC {2007b], pages 43-52.) 

Effective communication about uncertainty and variabil- 
ity is needed to inform regulatory decision makers and the 
public. All of the National Research Council Reports (NRC, 
1983, 1993, 1994, 2002, 2007a, 2007b) suggest that quantita- 
tive risk assessments can be helpful in achieving such effec- 
tive communication. EPA needs to improve its practices 
in carrying out and communicating the results from risk 
assessments. "To the extent that both uncertainty and inter- 
individual variability (tliat is, heterogeneity or differences 
among people at risk) are addressed quantitatively with 
separate input components (e.g., ambient concentrations, 
uptake, and potency) for aggregation into an assessment 
of risk, the distinction between uncertainty and variability 
ought to be maintained rigorously throughout the analytic 
process, so that uncertainty and variability can be distinctly 
reflected in calculated risk” (NRC, 1934, page 239; see also 
the two summary points on page 242). 

Because of the multitude of factors involving uncertainty, 
variability, and often both, simplifying a.ssumptions are 


made to carry out risk asses.smenls. Such assumptions typi- 
cally involve value judgments, and such judgments are often 
made so as to be. conservative in the protection of human 
health. For example, healtii effects might be computed 
assuming exposure at a location estimated to have the larg- 
est cumulative exposure overtime to a toxic air contaminant. 
Health effects for such a hypothetical "maximally exposed 
individual" (MEI) .should be greater than for people who are 
at other locations, and even for people who may spend some 
time at the point of maximum exposure hut not all of their 
time. The analysis u.sing an MEI is greatly simplified from 
that of calculating a distribution of lime-varying exposures 
and consequent estimated health impacts. As described in 
NRC (NRC, 1994), especially Chapter 10, simplified analysis 
may be appropriate for .screening calculations that investi- 
gate vvhe^er potential health impacts are large enough to 
warrant further investigation and regulatoiy' decision mak- 
ing. For important assessments of health impacts, such as 
chose for ozone, EPA appropriately uses much more com- 
plex analytical methods for describing exposures over time 
and by location, but these still require significant amounts of 
simplifying policy judgments. 

Simplifying policy judgments that deal wdth uncertainty 
and variability are refened to in NRC Report (1994) as "infer- 
ence guidelines" and in NRC Report (1 994) as "default." Such 
judgments are needed for risk assessments, because without 
such simplification, analysis of most situations involving 
exposure to pollutants becomes impracticalJy complicated. 
Therefore, sensitivity analyvSis and judgment are used lo deter- 
mine where uncertainty and variability should be explicitly 
addressed. Both NRC Reports (1983, 1994) urge a clarifi- 
cation in EPA practices through the use of guidelines and 
specific criteria for the use of defaults, or for departure from 
a default when justified by newly available scientific informa- 
tion. Appendices N-1 and N-2 of NRC (NRC, 1994) present 
contrasting viewpoints on appropriate criteria for selection 
of defaults and departure from defaults. Although the details 
are complex, both of these appendices and the main report 
of NRC (NRC, 1994) urge EPA to improve iLs use of quantita- 
tive analysis an d resulting characterization of uncertainty and 
variability, for regulatory decision makers and for the public. 

Ihe 2002 NRC report (2002) addressed the specific prob- 
lem of estimating public health benefits from regulation of 
emission precursors to pollutants such as ozone and fine 
particulate matter through NAAQS. The report describes 
concerns that estimates of morbidity and mortality--'‘body 
counts"~are being used in regulatory impact analysis 
without sufficient use of probabilistic methods to describe 
uncertainty and variability. "EPA should begin to move the 
assessment of uncertainties from its ancillary analyses into 
Its primary analyses hy conducting probabilistic, multiple- 
source uncertainty analysis. 'Ibis shift wnll require .specifica- 
tion of probability distributions for major sources of uncer- 
tainty. Tliese disuibutions should be based on available 
data and expert judgment” (NRC, 2002, page 14). (Further 
discussion is found on pages 125-152.). "Altiiough the 
results of benefit analysis may appear to be less certain, EPA 
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should describe the uncertainty as completely and realisti- 
caily as possible, recognizing that regulatory action might be 
necessary in die presence of snhstantiai uncertainty" (NRC, 
2002, page 15). "... uncertainties in each stage of the analysis 
should be quantified and carried through the entire (health 
benefits analysis] process” (NRC, 2002, page 153). 

EPA has not, to date, incorporated uncertainty analysis 
into its primary risk analyses and we find that the overall 
interpretation of the risk analysis for ozone is potentiaUy 
misleading as a result. Considerable uncertainty remains 
on the impact of reducing the 8-h ozone standard from the 
current level of 0.08 ppm to a lower level. KPA has assumed 
for its analysis that shifts in the probability distribution of 
exposure to ozone will occur not just in the upper tail of the 
distribution (the days on which ozone levels will exceed 
the existing 8-h standard of 0.08 ppm or proposed alterna- 
tive standards of 0.060-0.074 ppm), but also the lower and 
middle portions of this distribution, levels below 0.060 ppm. 
It is these changes in the lower and middle portions of the 
distribution that provide most of the calculated benefits in 
terms of reduced short term-mortality and reduced hospital 
admissions associated with the more stringent alternative 
proposed standard. 'Ihese matters are discussed in more 
detail later when the risk assessment process is discussed. 

Exposure assessment 

Personal exposures and indoor concentrations 
Quite a few panel studies found that ozone personal 
exposures were substantially lower than ozone outdoor 
concentrations. These expo.sure assessment studies were 
conducted in a variety of environments, including Toronto 
(Liu et al„ 1995); Vancouver (Braucr et al., 1995); Baltimore 
(Sarnat et al., 2000); Southern California (Geyh et al, 2000); 
Nashville (Lee et al., 2004); Mexico City (O'Neill et al., 2003); 
Boston (Koutrakis et al., 2005); and Steubenville (Sarnat 
et al., 2006). Tlte low ozone personal exposures found in 
these panel studies are due to the high proportion of time 
spent indoors by study participants and the high deposi- 
tion rate of ozone onto the microenvironmental surfaces. 
For example, Liu et al. (1995) and Braiier and Brook (1995) 
showed that subjects who spend more time outdoors were 
exposed to higher ozone levels. 

Indoor concentrations of ozone are typically consider- 
ably lower than tho.se measured outdoors, with indoor/out- 
door ratios depending to a great extent on home ventilation. 
For homes with low air exchange rates, for example homes 
using air conditioning, indoor/ouldoor ratios are very’ low. 
Consequently, in cities with hot summers, only a small frac- 
tion of ambient ozone can be found indoons. 

In Nash\il!e, Tennessee, summer indoor ozone concen- 
trations ranged from 3% to 15% of outdoor concentrations 
with an average indoor/outdoor ratio of 0.10 (Lee et al., 
2004). This ratio was lower than that (0.30) measured for 
two communities during the summer in Southern California 
(Ceyh et al,. 2000). Indoor ozone concentrations are very 
low duringthe winter season because homes are light, espe- 
cially in cities with harsh winters where home air ventilation 
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rates are lower than one air exchange per hour. iJii et al. 
(1995) measured indoor ozone concentrations in 50 homes 
in Toronto, Canada, and found that the average indoor/ 
outdoor ratio was 0.11. A similar ratio was reported by Geyh 
et aJ. (2000) in the winter Southern California study. So even 
in locations without harsh winters, tight homes during this 
season can result in quite low indoor/outdoor ratios. Romieu 
et al. (1998) reported home indoor ozone concentrations in 
Mexico City that were 10%-30% of ambient concentrations 
with higher indoor concentrations in homes with windows 
open during the day. Indoor/outdoor ratios In schools, 
where window's and doors were frequently open, ranged 
between 0.3 and 0.4 and w’ere higher than those obsen-'cd 
homes, which were about 0.2 (1998). 

Relationships between, ozone personal exposures and 
outdoor concentrations 

In the Baltimore (Sarnat el al., 2000) and Boston (Barnett 
et al., 2005) studies, ozone personal exposures w'ere weakly 
correlated with ozone ambient concentrations. WTien per- 
sonal exposures were regressed on ambient concentrations 
using mixed models, the estimated slopes were substantially 
lower than unity. In Baltimore, the estimated slopes for the 
winter and summer seasons w’ere 0.00 (CL -0.02, 0.02) and 
0.04 (Cf: -0.02, 0.10), respectively, which were not statisti- 
cally .significant. In Boston, The .slopes were 0.05 (Cl: 0.02, 
0.08) for winter (nonsignificant) and 0.27 (Cl; 0.13, 0,39) for 
summer (significant). Sarnat et al. (2006), for a panel study 
of elderly individuals in Steubenville, Ohio, found personal 
exposures were correlated with outdoor concentrations, but 
indoor ozone concentrations were substantially lower than 
ozone outdoor concentrations. 

Somewhat different findings were reported by O'Neill 
et al. (2006) w'ho measured exposures of outdoor workers 
(shoe cleaners) in Mexico City. In this study, strong within- 
worker longimdinai associations between ambient ozone 
concentrations and personal exposures were observed. The 
difference in ambient-personal relationships in this study 
compared to those presented above, likely relates to the 
substantial differences in time spent outdoors. 'Ihis find- 
ing suggests that fixed-.site ozone monitors may adequately 
estimate exposures in repeated-measure health studies of 
outdoor workers. 

Relationships between personal PM^ j. exposures and 
outdoor ozone concentration 

During the summer season, w'hen outdoor ozone and PM,, , 
concentrations are correlated, outdoor ozone concentra- 
tions maybe surrogates for personal PM^^. exposure.s. This is 
supported by the Boston, Baltimore, and Steubenville sum- 
mer panel studies of Koutrakis et al. (2005) and Sarnat et al. 
(2006). In contrast, the Boston and Baltimore winter panel 
studies and the Steubenville fall panel study did not show 
associations between personal PM, ^ exposures and outdoor 
ozone levels. 'Ihis is because outdoor ozone and PM,,, con- 
centrations were inversely correlated, which is t^^picai for 
northeastern urban environments during these seasons. 



395 


10 R. O. McClellan etal. 

Exposure assessment implications for health effects 
studies 

Panel studies. A number of panel health effects studies 
have examined associations between respiratory morbid- 
ity anti ozone exposures. Except for a few studies, including 
Delfino et al. (1997) and Braiter et al. (1996), the majority 
of these panel investigations have relied on ambient moni- 
tors to estimate human exposures. Considering that several 
panel exposure studies have shown substantial inter- and 
intrapersona] variability In personal exposure/ambient con- 
centration ratios, reliance on ambient monitors, especially 
for large geographic areas and for populations that do not 
spend a high proportion of the study period outdoors, may 
be inadequate and can introduce considerable bias. Tlie 
impact of this exposure error is more severe on panel studies 
that examine a relatively small number of subjects as com- 
pared to that for population studies. 

Time-series analyses. In cities with mild summers and/or 
winters, positive associations were found between ozone 
exposures and outdoor concentrations. In contrast, for cit- 
ies with very hot summers and/or harsh winters, population 
ozone exposures may not be associated with the corre- 
sponding ambient concentrations, thus it is difficult to study 
the effects of ambient ozone. Furthermore, when interpret- 
ing the results of the ozone time-series health studies, it is 
important to keep in mind that during the summer outdoor 
ozone can be a surrogate of personal PM, . or other pollutant 
exposures. Consequently, it may not be possible to distin- 
guish between the health effects of oz.one and chose of fine 
particles or other pollutants when using ambient measure- 
ments of ozone during the summer season. 

Multi-city studies. ’Ihe extent of exposure error depends on 
the climatic conditions, and is more pronounced for popula- 
tions living in cities with very hot summers (e.g., Baltimore 
and Nashville) and harsh winters (c.g., Toronto and Boston). 
Therefore, future exposure assessment studies should deter- 
mine city specific population exposure/antbient concentra- 
tions ratios. 

CASAC raised issue of exposure error. The importance of 
exposure error was presented in a letter of the CASAC ozone 
panel to the EPA Admini.sirator, dated June 05, 2006. Below 
we present some excerpts regarding ozone exposure assess- 
ment Issues: 

"The Ozone Staff Paper should consider the problem of 
exposure measurement error in ozone mortality time- 
series studies. It is known that personal exposure to ozone 
is not refleaed adequately, and sometimes not at all, by 
ozone concentrations measured al central monitoring 
sites. Typically, personal exposures are much lower than 
the ambient concentrations, and can be dramatically 
lower depending on the time-activity patterns, housing 
characteristics and season. In addition, and of particulai 
importance for the ozone time-series studies, there can be 
no correlation between personal concentrations of ozone 
measured over time and concentrations measured at cen- 
tral outdoor sites. The population that would be expected 


to be potentially susceptible to dying from exposure to 
ozone is likely to have ozone exposures that arc at the 
lower end of the ozone population exposure distribution, 
in which case this population would he exposed to be 
very low concentration of ozone indeed, and especially so 
in winter. Therefore, it seems unlikely that the observed 
associations between short-term ozone concentrations 
and daily mortality ore due solely to ozone itself.” 

"Another implication ofthe ozone measurement error that 
is relevant in the ozone NAAQS-setiing process is that the 
degree of measurement error would be expected to have 
a substantial impact on the ability to detect a threshold 
of the concentration-response relationship below which 
no ozone effects are discernable. Pollutant exposure 
measurement error obscures true thresholds in the con- 
centration-response relationship, and this effect worsens 
with increasing degrees of measurement error. Since 
threshold assumptions are incorporated in the Agency's 
risk assessment and risk analyses, this issue will need to 
be addressed." 

“Al least two questions arise from these observations 
that are relevant to the ozone NAAQS-setting process: 
(1) What chemical agent or agents are at least partly 
responsible for the observed associations between ozone 
and mortality in the time-series studies? and (2) Do we 
require an immediate answer to the question of whether 
ambient ozone adequately serves as a surrogate marker, 
that, when controlled, effectively mitigates health impacts 
of this entire mix of pollutants? One possible explanation 
for the observed associations of ozone is that ozone itself 
sen'es as a marker for other agents that are contributing to 
the short-term exposure effects on mortality. This would 
require that outdoor concentrations of these agents are 
correlated over time witli outdoor ozone concentrations, 
which is to be expected if they are products of the same 
process that lead to ozone formation, and that these out- 
door pollutant concentrations are better correlated with 
personal exposures than is the case for ozone itself.” 

We strongly agree witli die exposure error issues raised by 
the CASAC panel, which are based on a thorough review 
of the ozone exposure assessment literature. These issues 
should be kept in mind when interpreting the results of 
ozone health effects studies and, thus, when setting air qual- 
ity standards. 

Evidence for health effects of ozone 

Long-term studies of ozone and mortality 
Although most epidemiological studies of air pollution are 
time series, a few mortality studies have followed cohorts 
of individuals in an attempt to investigate the association 
between air pollution and mortality (Table 1). Although 
these studies have been called cohort studies, they really 
adoptadesign that is a hybrid of cohort and ecologic designs. 
In these studies, cohorts of individuals from different cities 
are followed in time and deaths in the cohorts are recorded. 
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Tabic i. Major long-term studies considering ozonc*. 


I.ocation, period 


Design, methods 


02one concentrations Results reported 


Remarks 


Krewski et al., 2000 


Lipfert et a!., 2000 


Jerrett et al., 2005 


1:)1 metropolitan areas 
in the US. Individual 
subjects followed up 
for variable periods of 
time. Extension of the 
Harvard six cities and 
ACS If studies. 


National cohort of 
approximately 70,000 
US veterans diagnosed 
with hypertension in 
the 1970s. About 21 
years of follow-up. 


Lipfert et al., 2lX)6a, 
2006b 


'Hybrid' design, i.e.. Average daily 1 -h 
sonic covariates were concentrations of 
known on individual 
level, others, in 
particular air pollution, 
measured on the city 
level. Thus study Is 
hybrid of cohort and 
ecologic designs. Cox 
proportional hazards 
and extensions used for 
analyses. 


No associarions with 
average daily 1-h 
ozone used in anaiy'ses. concentrations of 
Levels not reported. ozone and end points 
examined (total, 
cardiopulmonary, 
and lung cancer 
deaths) in either of 
the 6-rnonth periods 
(Aprii-Septemberand 
October-March). 


Updateofthe Lipfert 
et al., 2000 study above 
with follow-up 
through 2001. 


Extension of tlie ACS 11 
study to Los Angeles. 

Twenty-three thousand 
subject.s with about 
5000 deaths over the 
period 1982-2000. 

Focuswas on Rne 
PM. Ozone exposures 
interpolated from 42 
flxed-!?itc monitors. 


flybrid design in the 
sense defined above. 
Cox proportional 
hazards used for 
analyses. Peak ozone 
in four distinct 
exposure periods 
considered for 
analyses: pre-1974. 
1975-1981, 1982-1988, 
1989 1996. 


Hybrid design. Cox 
proportional hazards 
model used for 


The mean 95th 
percentUes for ozone 


Among the pollutants 
NO, and peak ozone 


in the four periods were were associated with 
as ft>llows:1960-197‘l, concurrent mortality 


132 ppb:1975-198I. 
140 ppb;l982- 1988, 
94 ppb; 1909-1996, 
85 ppb. 


Sec above. For the 
period 1997-2001, 
the peak ozone 


analyses. For measures concentration 
of ozone, sec above. reported to be 84 ppb. 


Hybrid design. Cox 
proportional hazards 
model used for 
analyses. 


Not reported 


risk, but only the 
former with delayed 
risk. Themortaiiry 
excess relative risk 
as.sociatedwith ozone 
was reported to 
be about 10% at an 
‘adjusted’ mean. How 
this adjustment was 
made is not entirely 
clear, ntere was a 
suggestion of a 
threshold for ozone at 
about 140 ppb. 

Ozone is significantly 
associated with 
mortality in the period 
lD89-lD96.butnotin 
1997-2001. The authors 
conclude that traffic 
ensity is a much better 
predictor of mortality 
than any component of 
the air pollution mix, 

No association of ozone 
with mortality with two 
measures of exposure, 
expected peak daily 
concentration and 
average of four highest 
8-h maxima. 


Ozone data available for 
117 of 151 metropolitan 
areas. Focus of the 
study was fine particles 
and sulfates. Analyses 
using peak ozone part 
of .sensitivity analyses 
of PM cffcct,s. 


Ihis study is noteworthy 
because the adjustment 
of selected ecological 
covariates was done at 
the zip code level. This 
procedure presumably 
leads to better 
adjustment than one 
done at die city level. 
Hypertensive veterans 
are almost certainly 
not representative 
of the general 
population. Hence the 
generaiizability 
of results to other 
populations is 
questionable. 

'Ihis study is noteworthy 
forusinga precisely 
defined measure of 
traffic density rather 
than proximity to a 
major highway. 


Ozone exposure 
interpolated from 42 
fixed-site monitors to 
the zip code level. 


“Since this Report was prepared, a paper by Jerrett et al. (2009) has been published that reports analyses indicating that long-term exposure to ozone 
may increase mortality from respiratory diseases. 


Indmduai-level information on some covariates likely to 
confound the association between air pollution and mortal- 
ity, such as cigarette smoking, is collected and used in the 
statistical analyses. However, information on exposure to air 
pollution is available only at the population level from cen- 
tral monitors in the cities from which the cohorts are drawn. 
Ihus, inferences regarding the association between air poi- 
hition and mortality are based upon difference.s in the levels 
of air pollution in the different areas in which the study is 
conducted. Most of the long-term studies have focused 


on the association of fine PM and mortality. Some studies 
considered the gaseous pollutants, but only as possible con- 
founders of the association of fine PM with mortality. Table 
I describes the main features of the major long-term studies 
that considered ozone. 

Before discussing the studies that have examined the rela- 
tionship between long-term exposure to ozone and mortal- 
ity, it is appropriate to discuss briefly a recent paper by Janes 
et al. (2007) on the issue of unmeasured confounding in 
epidemiologic studies of fine PM and mortaJiCy. The paper 
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raises serious questions regarding the validity of previously 
reported associations between fine PM and mortality and, in 
turn, has important implications for the association between 
ozone and mortality, janes et al. (2007) use a new approach 
to investigating confounding in air pollution studies. There 
have been substantial decreases in air pollution in the 
United States, including fine PM pollution, in parallel with 
decreases in death rates. It is difficult, however, to attribute 
the decline in death rates to a decline in pollution because of 
the myriad other changes in demographics and lifestyle tliat 
have also occurred over the same period of dme. 

The authors note that the association between national 
trends in fine PM and mortality "is likely to be confounded 
by slowly time-varying factors, such as changes in industrial 
activities and the economy, improving health care, and large 
scale weather events.” However, the.se associations at the 
local level are less subject to confounding and, tlierefore, a 
positive association detected at this level would be more 
likely to reflect a causal association between fine PM and 
mortality. Moreover, if fine PM pollution is causally associ- 
ated with mortality, then areas of the country that have seen 
large declines in fine PM pollution should also see larger 
declines in mortality than areas of the country in which 
iltere have been more modest declines in fine PM pollution. 

To test the hypothesis that declines in fine PM pollu- 
tion are causally associated with declines in mortality, they 
use a statistical approach that decomposes the association 
between fine PM and mortality into a contribution at the 
national level and another at the local level. Hiey analyze 
the association between fine PM and mortality in 113U.S. 
counties over the 3-year period 200(1-2002, and report asso- 
ciations between fine PM and mortality at the national, hut 
not the local, level, and conclude that "if the association 
at the national scale is set aside, there is little evidence of 
an association between 12'month exposure to and 
mortality." This conclusion suggests that the reported asso- 
ciations between fine PM and mortality are not causal but 
can be explained hy confounding. Strengths of the study 
include the number of counties included in die analyses, the 
robustness of results to sensitivity analyses, and the use of 
regression calibration methods to adjust for possible meas- 
urement error. In view of these results and given the strong 
associations of PM and mortality reported in other studies, 
one can only wonder wbat would happen if similar analyses 
were conducted with ozone. 

The long-term studies of air pollution and mortality, 
which were central to the Agency’s decision on the NAAQS 
for PM, play little or no role in the Agency position on ozone. 
The Staff Paper presents a brief discussion o/long-term stud- 
ies of air pollution and mortality. With the exception of the 
Veterans' study discussed below, these studies reported no 
evidence of an association between ozone concentrations 
and mortality. As Krewski et al. (2000) note in their rean- 
alyses of the Harvard Six Cities Study, "The Six Cities Study, 
with its small number of cities and high degree of correlation 
among the air pollutants monitored, did not permit a dear 
distinction among ilie effects of gaseous and fine particle 


pollutants. Indeed, estimates of the relative risk of mortality 
from all causes were similar for exposure to fine partides, 
sulfate, sulfur dioxide, and nitrogen dioxide. Of the gaseous 
co-pollutants in the Six Cities Study, only ozone did not dis- 
play an association with mortality." Similarly, Krewski et al. 
(2000) found little evidence of association betw'een ozone 
and mortality in their reanalyses of the ACS I! study. In a 
study In Los Angeles based on tlie ACS is American Cancer 
Society cohort, jerrett et al. (2005) found no evidence of an 
assodation between ozone and mortality. 

The U.S. Veterans’ Cohort Study (Lipfert et al, 2000) is the 
only long-term study of air pollution and mortality'^ to report 
significant a.ssociaiions between ozone and mortality. Tire 
cohort consists of approximately 70,000 U.S. veterans who 
were diagnosed with hypertension in the mid 1970s, The 
cohort had an average age of about 51 at recruitment, is ail 
male, and is about 65% white and 35% non-white. In addi- 
tion to air pollution variables based on county of residence, 
which were considered in some detail, information on indi- 
vidual level covariaies, such as smoking, were included in 
the analyses. In contrast to the original Six Cities and ACS II 
studies, all measured criteria pollutants, with the exception 
of lead, were considered in the analyses. As in the Harvard 
Six Cities and the ACS 11 studies, the basic analytic tool was 
Cox proportional hazards regression. Four different expo- 
sure and three different mortality periods were considered, 
yielding a total of 12 distinct exposure and mortality period 
combinations for each pollutant. Among the pollutants, the 
.strongest associations were seen with NO^ and peak ozone. 
Of these two pollutants, the authors reported that ozone 
showed the stronger assodation with morlality, although 
there was an indication of a threshold at about 0.14 ppm for 
ozone effects. No significant PM association was seen with 
any of the various measures used (total suspended particu- 
late (TSP|, sulfates, fine PM). The authors point out, 
however, "it must be recognized that all potentially harmful 
pollutant species are not measured routinely and thus can- 
not be included in epidemiology studies of this tyi5e. For this 
reason, those pollutants that are included should be consid- 
ered as indices of the overall urban pollution mix. Further 
the nature of this mix has changed significantly during the 
period evaluated in this .study." 

Whereas the original Veterans’ Cohort Study (Lipfert 
et al., 2000) was briefly discussed in the Staff Paper, a recent 
update was not (Lipfert et al., 20n6a, 2006b). Tlie updated 
study extends the morlality follow-up of the Veterans' 
Cohort through 2001 and considers data on county-level 
traffic density as a predictor in the regression analyses. 
The authors report that traffic density is a better predictor 
of mortality than any of the ambient air quality measures, 
including fine PM: 

"Traffic density is seen to be a significant and robust pre- 
dictor of surviual in this cohort, more so than ambient 
air quality, with the possible exception of ozone. Stronger 
effects of traffic density are seen in the counties that have 
ambient air quality monitoring data, which also tend to 
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have higher levels of traffic density. These proportional- 
hazard modeling results indicate only modest changes in 
traffic-related mortality risks over time, from 1976-2001, 
despite the decline in regulated tailpipe emissions per 
vehicle since the mid-1970s. This suggests that other envi- 
ronmental effects may be involved, such as particles from 
brake, tire, and road, wear, traffic noise, psychological 
stress, and spatial gradients in socioeconomic status." 

Lipfert et ai. (2000, 2006a) reported associations between 
peakozone.but not mean ozone, and mortality in theoriginal 
and updated analyses. As noted above, the authors reported 
evidence of a threshold for peak ozone at about 0.14 ppni 
based on analyses of deaths during the period 1982-1988. 
Ihe association appeared to he strongest for mortality in the 
period 1989-1996, butapparentlytheauthorsdidnotaddress 
the issue of a possible threshold. For the period 1997 -2001, 
tlie association was not statistically significant. 

The EPA Staff Paper {2007a) concluded that "consistent 
associations have not been reported between long-term 
ozone exposure and all-cause, cardiopulmonary or lung 
cancer mortality.” The results of the long-term studies raise 
issues in the interpretation of time-series studies of ozone 
and mortality'. Kunzli et al. (2001) distinguish four possibili- 
ties regarding the association of air pollution with mortality': 
“1) air pollution increases both the risk of underlying diseases 
leading to frailty and the sbort-term risk of death among the 
frail; 2) air pollution increases the risk of chronic diseases 
leading to frailty but is unrelated to timing of death; 3) air 
pollution is unrelated to risk of chronic diseases but short- 
term exposure increases mortality among persons who are 
frail; and 4) neither underlying chronic disease nor the event 
of death is related to air pollution exposure.” 'Ihey go on to 
argue that time-series studies capture deaths from categories 
2 and 3, whereas long-term studies capture all the deaths 
associated witli air pollution. They conclude that time-series 
studies underestimate the number of deaths attributable to 
air pollution and recommend that estimation of the impact 
of air pollution on mortality he based on long-term stud- 
ies. In a later paper, Burnett et al, (2003) offer an alternative 
approach to understanding the relationship between time- 
series and cohort studies. They partition the hazard function 
into components related to long-term and shon-term expo- 
sures to air pollution. This approach provides a framework 
for understanding the discrepant finding.s of the time-series 
and long-renn studies of ozone and mortality. At the very 
least, the Agency should address the conundrum raised by 
the absence of an ozone effect in long-term studies. As one of 
the reviewers of this report suggested, perhaps the underly- 
ing mechanisms for producing effects are different. 

Short-term morbidity and mortality (time-series) studies 
In a time-series study, dally data are collected over a number 
of years, covering mortality or some other end point of pub- 
lic health interest (e.g., hospital admissions, asthma attacks 
in children). These responses are then included in a Poisson 
regression analysis where the explanatory variables include 
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long-term trend and/or seasonality', meteorology, and air 
pollution. Long-term trend and seasonality are typically 
modeled as a smooth function of time, either through some 
expansion (e.g., splines) or through the generalized addi- 
tive modeling (GAM) approach. Meteorology is modeled 
througji a variety of different approaches, most often involv- 
ing temperature and dew point. Fineilly, the air pollution 
variable of interest (in this discussion, ozone) can be mod- 
eled either linearly or nonlinearly, using a variety of lags, 
and either on its own or in conjunction with other pollutants 
(co-pollutants). In ozone studies, the most commonly used 
lag is 0 (in other words, current day's ozone is used as a pre- 
dictor of current day's mortality), but it is also common to 
study ozone at a lag of 1 or 2 day.s, or some average over lags 0 
and 1 or lags 1 and 2. An alternative model is the distributed 
lag model, in which ozone lags of up lo 6 days are included 
in the model with separate regression coefficients for each 
lag. Day of week is also typically included as an explanatory 
variable, and some studies have been restricted to summer 
months because itw'as found that summer data produce the 
most significant association for ozone. All of this analysis 
is done initially one city at a time, but in recent years many 
studies have been multi-city. 'Die inspiration for muld-city 
approaches was the NMMAPS study, which started as a 
study of particulate matter (PM) effects but in recent yearvS 
has been extended to include ozone. NMMAPS stands for 
the National Morbidity, Mortality and Air Pollution Study, 
based at Johns Hopkins University. 

Multiple city results 

The main results of tlie NMMAPS study on ozone are sum- 
marized in the paper by Bell el al. (2004). 'This study used 
data from 95U.S. cities covering the period 1987-2000. The 
authors used a distributed lag model with data on 24-h 
ozone averages for lags 0-6. Long-term trends were modeled 
through smoothing splines of between 7 and 21 degrees of 
freedom per year. Meteorology was modeled through tem- 
perature at lag 0, the average of temperature at lags 1-3, dew 
point at lagO, and the average of dew' point at lags 1-3, each 
modeled nonlinearly through smoothing splines. Interaction 
terms were Included lo separate mortality counts into three 
age groups (<65, 65-74, 75 and over) through a common 
regression function applied for all three groups. The analyses 
covered year-round data though many cities were implicitly 
restricted to summer months because only summer ozone 
data were available. After calculating a single regression 
coefficient, with corresponding standard error, to represent 
the overall change in ozone associated with a 10-ppb rise in 
24-h average ozone in each city, the results were combined 
across cities using a Bayesian hierarchical analy,si.s. Although 
one set of results was expressed at the level of individual cit- 
ies, most of them were summarized as an overall national 
average relative risk. 

The result of thi.s analysis was that a 10-ppb rise In 24-h 
average ozone was associated with a 0.52% rise on total mor- 
tedity (excluding accidental deaths), with a 95% Bayesian 
credible interval (equivalent for all practical purposes to a 
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95% confidence interval) of 0.27%-0.77%. This is for a dis- 
tributed lag model; the corresponding result for lag 0 alone 
was 0.25%, credible inlerv'al 0.12%>-0.39%. If deaths were 
restricted to cardiovascular and respiratory causes, the 
corresponding relative risk estimate based on a distributed 
lag model was 0.64%, credible interval 0.31%-0.98%. Using 
the same mode! to analyze the three age groups separately 
resulted in slightly different estimates, c.g., the 65-74 age 
group has an estimated relative risk of 0.70% (credible inter- 
val, 0.28%-!. 12%)). with results for the other two age groups 
almost identical to diose from the combined age group 
model. If results were restricted to summer days (April to 
October) the estimated relative risk actually went down, 
from 0.52% to 0.39% (credible interval, 0.13%- 0.65%). 

The question of a co-pollutant effect due to PM is com- 
plicated by the fact that most cities do not have daily records 
of either PM,p or PM^,. Therefore, comparisons are only 
possible ming single-day lags. Tlie paper included single- 
city comparisons of the estimates computed both with 
and without a adjustment, though no overall national 
estimate was quoted for the relative risk estimate with PM^^ 
adjustment. Nevertheless it was claimed that the overall 
results were robust to the inclusion of either PM,p or PM 2 ^. 
This result has been challenged by Smith et al. (2009) who 
showed that when PMj„ is included as a co-pollutani, the 
estimated ozone effect typically goes down by about 25%, 
which they view as being a significant effect. 

Another recent paper on PM confounding for ozone is 
Bell et al. (2007). This paper extended the results of Bell et al. 
(2007) by including numerous other analyses along similar 
lines to the earlier paper. The overall conclusion that the 
authors reached was still that confounding by particulate 
matter is not an issue in ozone studies. However, Table 2 of 
that paper does show about a 25% reduction in the point 
estimate of the ozone effect, when is included as a con- 

founder. Thus, there still seem to he differences of interpre- 
tation of these analyses. 

Other muld-city studies were also covered in the EPA 
Staff Paper (2007a). In another paper from the NMMAPS 
group, Huang et al. (2005) analyzed data for cardiovascu- 
lar and respiratory mortality for 19 cities from 1987 to 1994 
(compared with 95 cities, 1987-2000 for the full NMMAPS 
study). The data were restricted to summer months (June 
through September). The analytical method was essentially 
the same as in Bell et al. (2004) though is different in some 
details, e.g., the age group effect was modeled only an a .sin- 
gle indicator variable for each age group rather than smooth 
curves as in Bell et al. (2004). For the possible confounding 
effect of PMjg, only single-lag models were appropriate for 
the reason discussed earlier: for both ozone and PMj^ at lag 
2 (the lag where the discrepancy between thewith-PM,g and 
vv'ithout-PMjy results wa.s largest) the estimated ozone effect 
was 0.64% (credible interval, 0.17-1.07%) when PMj^ was 
not included in the tnodel, and 0.46% (-0.32%-L17%) when 
PM,p was included. This is consistent with several other 
results reported later, that sugge,st the ozone effect is gener- 
ally attenuated when is also included in the model. In 


this case, some confounding was also noted with either NO,, 
or SOj Included (singly) as co-poUutants. 

Schwartz (2005) also performed a multi-city study, using 
14U.S. cities, hut using the “case-crossover" design instead 
of a time-series analysis. In this design, die date on which 
an individual died is matched against an alternative date on 
which the individual did not die, and the ozone readings for 
the 2 days compared. To minimize the effect due to season- 
ality or long-term trend, the matching date is held close to 
the death date. Schwartz (2005) also matched for tempera- 
ture. He found that a 10-ppb rise in ozone was associated 
with a 0.57% (95% credible interval, 0.02%-Ll%) increase 
in deaths, for the full-year analysis. It should be noted that 
Schwartz (2005) actually used daily 1-h maximum ozone, 
not 24-h average as in the NMMAPS papers, but for the 
results reported here, in order to make comparisons with 
results from other papers, we have converted to 24-h average 
ozone using the conversion factor that a 1-ppb rise in 24-h 
ozone corresponds to a 2,5-ppb rise in 1-h daily maxi- 
mum ozone (Tliurston and Ito, 2001). Later in this report 
we will discuss the issue of using conversion factors for 
converting concentration-response coefficienls from one 
ozone metric such as 1-h maximum concentration to a sec- 
ond metric such as 24-h concentration. With that conver- 
sion, the main result is very similar to the main result of Bell 
et al. (2004) (the credible interval is wider, but that is most 
likely a consequence of the smaller number of cities used 
in the analysis, not to mention an alternative study design). 
Schwartz (2005) also reported, however, that when restricted 
to winter months, no association was found (point estimate 
-0.32%, credible interval -1.32%-0.7%) but when restricted 
to summer months, an increased relative risk was estimated 
(0.92%, credible interv-al 0.27%-1.5.5%). In a slightly different 
analysis in which temperature wavS accounted for through 
regression rather than by matching, Schwartz (2005) found 
that including PM,g as a co-poIlutani made no difference at 
all to the point estimate (0.47% in each case). 

As part of a meta-analysis to be discussed in more detail 
later, Ito ei al. (2005) carried out a time-series analysis on 
seven U.S. cities in order to look at mode! sensitivity issues. 
They analyzed the data by methods similar to Bell et al, (2004, 
2005) but using four different meteorological models, from a 
“qnintiles indicator variables” approach that they attribute 
to Moolgavkar et al. (1995), to a "4 smoother” model that 
is effectively eqnivalent to the meteorological adjustment 
approach of Bell et al. (2004, 2005). Relative risk estimates 
were computed separately for winter and summer data 
though the winter estimates were generally not statistically 
significant. Comparisons were also made for ozone relative 
risk estimates with and without either or PM^ j, as a co- 
pollutani. The results were combined across six of the cities 
(the seventh city, New York, was not included because no 
PM data were available). The biggest difference among the 
results was associated with the different weather adjustment 
models. For example, for all-year data without PM the com- 
bined estimate was a rise of 1.0% (0.55%-!. 45%) associated 
with a 10-ppb rise in ozone based on the quintiles approach 
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to meteorology, versus 0-5% (0%-i.0%) using the 4 smoother 
approach. For summer results including a PM adjustment, 
the corresponding results were 1.0% (0.3%-i.7%) using the 
quintiles approach and 0.55% (-0.05%-!. J%) using the 4 
smoother approach. 

'Ihe final multi-city analysis we discuss here is Gryparis 
cl al. (2004) based on 23 European cities in the APHEA 
project (Air Pollution and Health: A European Approach). 
We note in passing that although this is not a U.S. study, it 
w'as cited in the EPA Criteria Document (2006) and some 
of the meta-analyses that are reported later also combined 
results from U.S. and non-U.S. cides. For these reasons, we 
believe it is important to note when results from U.S. and 
non-U.S. cities produce substantially different estimates. 
Gryparis et al. (2004) used a very similar approach to Bell 
ct al. (2004), though they did not describe the long-term 
trend and meteorology corrections in enough detail to make 
a precise comparison. In their study, ozone is measured in 
|xg/m^, which we convert to ppb at the rate of 1.96 jxg/ 
equals I ppb (Bell el al, 2005). Ihey also used 1-h daily 
maximum ozone, which we convert to 24-h average ozone 
using the same 2.5 conversion factor nored previously. With 
the.s'e changes, their main result is that a 10-ppb rise in 24-h 
ozone is associated with a 1.62% rise in total mortality, with 
a 95% credible interval of 0.83%-2.55%. 

Possible explanations for the different estimates include 
different exposure patterns in European cities (due, e.g., 
to greater use of public transport), dift'erent placement of 
monitors in European cities, and differences in the statisti- 
cal modeling strategy. It is also possible that ozone is serving 
as a proxy variable in both the United States and European 
studies for some missing causative factor and that the ratio 
between levels of ozone and the causal variable might 
be different for lire two continents as well as within each 
continent. 

'Ehe published multi-city studies put a huge emphasis on 
the overall nationally averaged effect, but this ignores the 
very real differences that are evident among different cities. 
For example, in the NMMAPS analysis, our Figure 2 essen- 
tially reproduces Figure 2 from Bell ei al (2004), showing the 
posterior esrimates (calculated by the Bayesian hierarchical 
approach) of ozone-mortality coefficients in each of the 98 
cities in the study. Figure 2 in this report extends the Bell 
etal (2004) figure, independcnilyrecalculatcdhy .Smith eial. 
(2009). In addition to reproducing the posterior estimates of 
Bell et al (2004), this figure also shows the raw e.stimate.s and 
posterior estimates under an alternaiive "regional prior.” 
Ihe substantial variability among the raw estimates for the 
98 cities is very evident. The posterior estimates under the 
regional prior also differ from those under the national prior. 
The analyses by both Bell et al (2004) and Smith et al. (2009) 
yielded statistically significant coefficients for only a few 
cities (New York, Newark, Philadelphia, Dallas-Fort Worth, 
Chicago, and Houston), with the vast majority of the cities 
not having statistically significant coefficients. Moreover, the 
raw estimates shown in Figure 2 (before the Bayesian part 
of the calculation) show a far greater variability among the 


Health ejfects of ambient ozone 15 

cities, w'ith about a third of the coefficients negative. In our 
view, it is very important to take into account the variability 
of the ozone-mortaiity coefficients in the individual cities, 
especially when the coefficients are applied to risk analyses, 
but this does not appear to have been done in current EPA 
analyses. 

In Figure 3, taken from Smith el al (2009), regional 
weighted averages of the posterior mean prior estimates are 
shown. It is apparent that statistically significant positive 
coefficients were obtained only for tlic Northeast, industrial 
Midwest and Southeast. In other areas of the country, there 
is no apparent effect of ozone on mortaliiy. 

A national coefficient is shown in Figure 2 following the 
example of Bell et al. (2004). A national coefficient is also 
shown in Figure 3. In our view, the national coefficients are 
of limited value in view of the substantia! variability that is 
evident on a city-to-city basis and from one part of the coun- 
try to another. 

Another issue raised by the NMMAPS papers Is that with 
one exception, they calculated all their ozone-mortality 
coefficients based on 24-h ozone. In our view, they should 
have used the maximum 8-h ozone in any day, because 
the EPA standard is based on this variable. As an example, 
Figure 4 shows estimated coefficients for individual cities 
and Figure 5 shows the corresponding regional values based 
on the maximum 8-h ozone metric. Once again we note 
that only a handful of the cities have statistically significant 
ozone-mortality coefficients, whether these arc assessed by 
the raw or posterior estimates. The one exception to citation 
of an 8-h ozone metric is that Bell et al. (2004) did calcu- 
late a national average effect for the 8-h average. The value 
obtained is consistent with the national effect coefficient 
shown in Figures 4 and 5. 

As noted earlier, a number of investigators have converted 
ozone concentration-health effects coefficients obtained 
with one metric, such as the 1-h maximum concentration, 
to a secoud metric, such as the 24-b average concentration. 
The validity of this approach is open to question, as demon- 
strated by Smith el al (2009) who calculated concentration- 
mortality coefficients for each of the 98 cities using all three 
lime metrics. Even for a single city, it Is not well established 
that the concentration-mortality coefficient for the three 
metrics (1-h maximum, 8-h maximum, and 24-h average) 
have a consistent relationship. It is quite possible that one 
of the three metrics may be more strongly associated with 
a particular health outcome, such as excess mortality, than 
the other metrics. 'Ihe relationship between the three met- 
rics varies over time for any given city and is certainly vari- 
able among cities. The association between concentration 
and excess mortality across the cities in the NMMAPS data 
set for all three metrics is quite variable, as demonstrated by 
Smith et al. (2009). Scatter plots of the relationship between 
the 24-h and 8-h posterior estimates and between the l-h 
and 8-h posterior e,stimatcs are shown in Figure 6. It is read- 
ily apparent that the relationship of the coefficients for the 
different metrics for individual cities is so variable that use of 
a single "national” conversion coefficient for multiple cities 
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OZONE-MORTALITY COEFFICIENTS AND 95% Pis 
24-HOUR OZONE - BELL (2004) MODEL 



Figure 2. Ninety-five percent posterior intcr\'-als for the o7-one-inoitaliry coefficients, all-year data, by the liierarchical Bayesian method as in Figure 2 of 
Bell et al. (2004). Ihe Bayesian posterior e.stimates underthc "national prior" (circles) are shown alongside those for the "regional prior" (squares) and 
the raw maximum likelihood estimates (triangles) (Figure 1 of Smith et al., 2009). 
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Figures. Begiorval estimate.s ofpopulation-weightiHl average regression 
coefficients based on 24-h ozone, with 95% Pis (based on data in Table .1 
of Smith et ai., 2009), 

in a meta-analysis would lead to erroneous estimates of the 
converted coefficient for many cities. 


Meta-analyses and evidence on publication and model 
selection biases 

Mera-analysevS are different from multi-city time-series stud- 
ies in that they rely on previously published studies; there 
is therefore the possibility of publication bias owing to the 
tendency that statistically insignificant results may not get 
published at all. A second distinction between multi-city 
analyses and meta-analyses is that in the former, it is pos- 
sible to ensure that exactly the same regression model is 
fitted in eacli city, whereas in meia-analyses this is hard to 
control, raising the possibility of model-selection bias, i.e., 
the bias that results when many models are compared but 
only the largest or the most statistically significant associa- 
tion is reported. A recent collection of papers in t he journal 
Epidemiology pwvides evidence of both kinds of bias. 

Beil ei al. (2005) analyzed data from both U.S. and non- 
U.S. cities. 'Ihe studies nsed different lags from 0 to 2, but 
Bell et al. (2005) used results from lag 0 where possible to 
maintain the greatest comparability among studies (they 
also .showed that the lag 0 studies led to the largest esti- 
mates overall). None of the studies in the racta-analysis 
used distributed lag models. Data were combined across 
different studies using Bayesian hierarchical models, simi- 
lar to their muiticities study (Beil et al, 2004). This method 
is theoretically superior to the non-Bayesian techniques 
used in other meta-analyses because it takes into account 
the uncerrainty in estimating the intercity variance, and 
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thereby leads to slightly wider credible intervals, though for 
most practical comparisons the Bayesian and non-Bayesian 
meta-analysis methods should lead to similar results. WTtere 
different types of mortality were concerned, the estimates 
for cardiovascular mortality were higher than those for total 
mortality, but those for respiratory mortality were lower. 
’Ihey looked at whether estimates were changed by includ- 
ing a PM adjustment, concluding that they were not. Table 3 
of their paper showed much wider credible intervals in the 
case of PM-adjusted estimates, but this may be because only 
a subset of the studies used a PM adjustment. In compari- 
sons between year-round and summer-only estimaft;s, they 
found that summer-only studies produced almost mice the 
estimated relative risk (1.50% with a credible interval from 
0.72% to 2.29%) for total mortality based on combined U.S. 
and non-U.S. data. The relative risk estimated for all-season 
total mortality was 0.87% (credible interval, 0.55%-1.18%). 

The meta-analyses reported by Bell et al. (2005) were 
kept separate from the NMMAPS results of Bell et al. 
(2005). However, eight of die meta-analysis cities were also 
NMMAPS cities. For lag 0 ozone, all-year total mortality, the 
estimate of Bell et al. (2004) was 0,25% (credible interval 
fl.12%-0.39%) for 95 cities in NMMAPS. Tlii.s is to be com- 
pared with the just-quoted meta-analysis result of 0.87%, 
which seems clear evidence of a publication bias in the use 
of pretiously published results. However for the eight cities 
that arc common to both studies, Figure 2 in the paper hy 
Bell et al. (2005) also shows the individual-city estimates and 
confidence intervals. Strikingly, in every case the estimate 
included in the meta-analysis is larger than the NMMAPS 
estimate for that city. Bell et al. (2005) attribute this result 
to publication bias but it seems uiilikely that a discrepancy 
could arise for this reason alone (e.g., even if these eight cit- 
ies had been selected from a larger set of cities as the ones 
with the largest ozone effects, that is not sufficient reason 
why the estimates should be different when reanalyzed by 
NMMAPS). Ai least part of the reason mu.st he die differ- 
ence in modeling approaches— the fact that NMMAPS was 
careful to use the same model in all cities, wherea.s the other 
published papers, hy different authors using differenr mod- 
eling strategies, were more likely to have selected the model 
to maximize the relative risk estimate. In other words, these 
comparisons show evidence of model selection bias as well 
as publication bias, 

Ito et al. (2005) used results from 11 U.S. and 25 non-U.S. 
cities, with a “selected’' lag of up to 3 days in each city (they 
did not say how they made the selection). Tliey looked at 
mortality effects by season and confounding by PM. Results 
from different cities were combined by a non-Bayesian 
meta-analysis procedure (DerSimonian-Laird). Overall 
they found a risk increase of 0.8% (95% confidence interval, 
02j5%~1.0%) associated with a 10-ppb rise in 24-h ozone. 
However, among studies reporting a seasonal breakdown, 
the results were 1.1% (0.4%-1.8%) for the all-year relative 
risk and 1.75% (l.()5%-2.45%) for summer, again showing 
clearly that relative risk estimates are higher during the sum- 
mer. The results showed little effect due to confounding by 
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OZONE-MORTALITY COEFFICIENTS AND 95% Pis 
8-HOUR OZONE 



rise mort per 10 ppb 8-hr 03 


Figure 4. N'inety-five percent posterior intervals for the ozone-mortality coefficients, based on 0-hour ozone, ail-year data, The Bayesian posterior 
estimates under the “national prior" (circles) are shown alongside those for Ac "regional prior" (squares) and Ae raw maximum likelihood estimates 
(crianglcs) (Figure 4 of Smith et al., 2009). 
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Figure g. Regional estimates of population-weighted average regression 
coeficients based on 8-h ozone with 95% Pis (based on data in Table 3 of 
Smith etai., 2009). 



Posterior Estimates: 1 -hour vs. S-hour 



8-hour 


Figure 6. Scatter plots of posterior estimates corresponding to 24-, 8-, 
I-h ozone (Figure 3 of Smith et al., 2009), 

PM, though in cases where both sets of relative risks were 
computed (with and without PM), the estimates with PM 
were lower. Tliere was some evidence of publication bias 
as determined through an asymmetry test. In some cases, 
different studies using the same city's data showed marked 
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contrast in the results, which is further evidence of a model 
selection bias. As noted already, in die same study, Ito et al. 
(2005) also did a mnlti-ciiy analysis with seven U.S. cities, 
which amplified the issue of model-selection bias. 

The tlrird rneta-analysis, by Levy et al. (2005), found 
a combined risk increase of 0.21% (confidence intervcU, 

0. 16%-0.26%) associated with a iO ppb increase in 1-h 
daily maximum ozone. Using the same conversion factors 
defined earlier, this translates to an estimated relative risk of 
1.03% (0.78%-1.27%) as.sociated with a lO-ppb rise in 24-h 
average ozone. Thus the magnitude of the association was 
quite similar to those of the other two meta-analyses (but 
still substantially higher than NMMAPS). An original feature 
of their analysis was that it accounted for air-conditioning 
use (using publicly available Census data), .showing that the 
ozone-mortality association is higher where there is lower 
UvSe of central air conditioning. Some subsequent papers 
such as Bell and Dominici (2008) and Smith et al. (2009) 
have shown similar effects in the NMMAPS data. The impli- 
cation of these analyses is that people who have centra! air 
conditioning in their home.s are exposed to much low^er 
ozone when indoors in summer. 

Taken together, the meta-analyses provide evidence of 
publication bias and model selection bias. Particularly strik- 
ing are the contrasts between the three fairly similar relative 
risk estimates from the meta-analyses, and the much lower 
estimate in NMMAPS. Tliese analyses also provide evidence 
that model-selection bias may alter the magnitude of the 
estimated association by a factor of 2, or even 4, if the dis- 
tinction between the NMMAPS and AHPEA results cannot 
be anributed to other differences in both air pollution and 
mortality patterns between United States and European 
cities. 

Nonlinear exposure-response relationships 
All the studies reported so far have used essentially a lin- 
ear ambient concentration-response curve (on a log scale, 

1. e., the logarithm of expected deatlis is linear in ozone). 
Bell et al. (2006) looked in the NMMAPS data for evidence 
both of a threshold (no change in mortality associated with 
ozone helow a certain threshold) and for a nonlinear ambi- 
ent concentration-re.sponse curve (in which the entire curve 
of expected deaths versus ozone is constructed as smoothly 
nonlinear). The evidence for a threshold, if tlicre were one, 
would be of obvious relevance to the determination of a 
standard, but even in the absence of a threshold, the use of a 
nonlinear ambient concentration-response curve, if it could 
be reliably estimated, could potentially be of great value is 
risk assessment. 

For this analysis, Bell et al. (2006) did not attempt a dis- 
tributed lag model (which would involve even more techni- 
cal complications), but confined themselves to the average 
24-h ozone at lag 0 and lag 1 as the main ozone-related pre- 
dictor of mortality. When the earlier linear concentration- 
response analysis was repeated with this measure of ozone, 
the estimated rise in mortality per 1 0 ppb increase in ozone 
was 0.32%, with a 95% credible interval from 0.17% to 0.46%. 
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This is compatible with the results of Bell et ai. (2004), who 
showed a lower relative risk when confined to any single 
lag, but a higher relative risk using a distributed lag model. 
However, Bell et al. (2006) repeated tbe analysis on subsets 
of days defined by various thresholds— in one analysis, they 
fitted the same model but restricted to days on which the 
lag 0 and lag 1 average of 24-h ozone was less than s, where 
the values of s ranged from 60 ppb down to 5 ppb. For val- 
ues of 5 down to 30 ppb, there was very little change in the 
estimated relative risk, which remained clearly statistically 
significant according to the authors’ own Figure 2. ’Iheir own 
interpretation of this result was that it proved ozone still had 
deleterious health consequences at levels much lower than 
tbe current ozone standard. 

Wc have several comments about this analysis. The first 
is that the conclusions in their paper are not entirely sup- 
ported by tbe e\idence presented — for example, they say 
“Daily changes in ambient 0^ were significantly associated 
with daily changes in the number of deaths.. .even when wc 
used data that included only days with lag 01 average lev- 
els < 1 5 ppb.” However, the result they present for 1 5 ppb is 
clearly not statistically significant. 

A second comment is that there seems something odd 
about the claim for significant effects at very low levels of 
ozone- not only well below the current ozone standard 
hut even the vast majority of the data. Observing the same 
effect in a more restricted study {for the city of Vancouver), 
Vedal et al, (2003) questioned whether such results could 
truly be indicative of a causal ozone effect, suggesting that 
the unmeasured effect of other air pollution or uncontrolled 
features of meteorology may be responsible. 

However, another issue here concerns the relevance of 
concentrating on low ozone values anyway, given that the 
ozone levels of most relevance as far as the standard is con- 
cerned are between 60 and 80 ppb of 0-h ozone. Smith et al. 
(2009) estimated a piecewise-linear ozone-mortality asso- 
ciation based on separate linear relationships for the ranges 
0-40, 40-60, and 60-80 ppb (8-h ozone), ihey found, consist- 
ent with Dell et al. (2006), that the association on 0-40 ppb 
is statistically significant, as is that on 40-60 ppb, but they 
did not find a statistically significant association between 
60-00 ppb except in the Industrial Midwest region. Only by 
combining data across the three ranges (in effect, assuming 
a linear ozone-mortality relationship across 0-80 ppb of 8-h 
ozone) were they able to establish a statistically significant 
association, but this raises the question of why do a nonlin- 
ear analysis at all. In summary, it looks as though Bell et al. 
(2006) looked al the wrong range by focusing on very low 
ozone exposures rather than concentrating their analysis on 
the range of interest for determining the standard. 

The second pan of the analysis by Bell et al. (2006) was 
aimed at estimating a nonlinear dose-re.sponse airve. The 
stated method of doing this was via a spline approach with 
knots at 0, 20, 40, and 80 ppb (but not 60 ppb). The result 
shown in Figure 3 of Bell et a!, (2006) showed a stead- 
ily increasing ozone association above about 15 ppb, and 
confidence bands that indicate a statistically significant 


association above about 40 ppb. In our own analyses, we 
have not succeeded in reproducing tliis exact result, though 
w’e have shown similar results using a piecewise linear 
approach (Smitli ct a!., 2009). Given these and other con- 
cerns, we believe tlic whole question of nonlinear dose- 
response curv^es is still very much undecided at the present 
time. Nevertheless, we recognize it as a %'ery important topic 
of future research. 

Exposure error 

A number of studies have examined correlations between 
personal and ambient exposure for both gaseous pollution 
and PM. In general, they have found that correlations are 
higher for either PM^^ or particulate sulfate (SO,”’) than for 
ozone. For example, in a study using personal monitors for 
three groups of sensitive subpopulations in Baltimore and 
Boston, Koutrakis et al. (2005) noted that "ambient concen- 
tration of gaseous pollutants serve as a better surrogate for 
personal exposure to PM,, than for personal exposure to 
gaseous pollutants," though with the qualification that the 
ozone results were hard to determine because many were 
below the detection thresholds. Sarnat et al. (2006) reached 
a similar conclusion in a study conducted in Steubenville, 
Ohio, which showed "strong associations between ambient 
particle concentrations and corresponding personal expo- 
sure,” but "most associations between ambient gases and 
their corresponding exposures had low slopes and R- values” 
(though the associations were still stati.sticaily significant). 
Hie era's Staff Paper {2007a) (section 3.4.2. 1, pages 3-39 
through 3-42) noted that Sarnat et al. (2005) found a statisti- 
cally significant positive correlation between personal and 
ambient exposures to ozone, hut failed to cite Koutrakis el al. 
(2005) at all, or to note the implication that ambient ozone 
may in fact be acting as a proxy for PM in epidemiological 
studies. 

’Ihe direct effects of measurement error on regression 
estimates from rime-series mortality studies have been 
investigated for particulate matter but not for ozone. For 
example, Dominici ei al. (2000) presented a Bayesian .statis- 
tical analysis, though based on rather limited information, 
about differences between personal and ambient exposure 
to PM. Brauer et al. (2002) showed by simuiaiion that expo- 
sure error could well result in failing to detect a health effects 
threshold in the case of PM,,_, though not for SO^^“ where 
the personal-ambient correlation is much higher. They did 
not do a corresponding simulation for ozone, but because 
tbe other studies just cited have shown that the personal to 
ambient correlation is even less for ozone than for PM.,., a 
similar simulation for oznne would most likely reach the 
same conclusion. 

Conclusions for time-series mortality studies of ozone 
Single-city studies of the association between ambient 
ozone and mortality show a very \vide range of results, with 
both positive and negative regression coefficients that are 
generally not statistically significant, even when the analyses 
are for large cities and long rime periods (e.g., 14 years in the 
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case of the NMMAPS study). However, a number of studies 
in recent years have shown a significant positive association 
in either multi-city studies (when time series from several 
cities are analyzed using the same statistical methodology 
and the results then combined) or in meta-analyses (in 
which previously published results are combined into a 
single overall estimate and confidence limit). Associations 
are strongest when confined (o summer ozone; no study 
has found a significant association for winter data alone, 
though several (including tlie leading NMMAPS papers) 
have used all-year data without regard to season. Ail the 
studies employ corrections for long-term trend and season- 
ality, and include meteorological variables to avoid possible 
confounding. Ihe ozone lags that are used vary considerably 
from one analysis to another, the most popular lags being 
days 0 (i.e., present-day ozone used as predictor of present- 
day mortality), 1, and 2. However, studies that have used a 
distributed lag model, in which the predictor of mortality is 
a weighted average over the past week, estimate the largest 
overall ozone relative risk. 

Despite the impression given in EPA's criteria document 
and staff paper that these results are very consistent across 
different studies, closer scrutiny shows this not to be the case, 
even when the results are standardized with respect to ozone 
metric used (the results quoted here are for a 10-ppb rise 
in 24-h average ozone, to the extent we can make an exact 
conversion). Tlte results in the three meta-analyses collected 
in Levy et al. (2005) all find ambient ozone-mortality coef- 
ficients more than three times larger than the corresponding 
NMMAPS estimates, which seems indicative both of publi- 
caiiou bias (only die larger or more significant results being 
published) and of model selection bias (reporting only rCsSults 
that give the largest or most statistically significant regres- 
vSion coefficient). Although the NMMAPS authors (Bell el al., 
2004, 2006) have taken the greatest care in both compiling a 
large dataset and trying to control for other effects, includ- 
ing weather, there remain doubts about whetlier all possible 
confoundera have been correctly allowed for. Moreover, hy 
quoting most of tbeir results in terms of an overall national 
average, they have ignored die very real differences among 
cities that are apparent in close scrutiny of their own analy- 
ses. E’or example, there are strong ozone-mortality associa- 
tions in Chicago, New York City, and a few other northeastern 
cities, and also Honston and Dallas, but other large cities 
have very slight or negligible associations, e.g., Los Angeles, 
Atlanta, and Miami. Tlierc arc a number of western cities, 
such as Denver, Salt Lake City, and Albuquerque, that were 
in compliance widi the 0.084 ozone standard set in 1997, but 
are likely to be nonattainment with the new ozone standard 
set at 0.075 ppm. There is no evidence in any of (he analyses 
of a significant ozone-mortality association for these cities. 

None of the recent studies on ozone-mortality associa- 
tions have looked explicidy at measurement error. However 
this is clearly a concern, becau.se personal-ambient expo- 
sure correlations are lower for ozone than for particulate 
matter, and one recent study concluded that ambient ozone 
may be a better predictor ofpersonal exposure to PM,^ than 
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of persona! exposure to ozone. Tliis raises the possibility 
that observed associations between ozone and mortality 
may in fact be acting as a proxy’ for a PM-mortalily relation- 
ship. Another study showed hy simulation that for PM,., 
measurement error may be responsible for failure to detect 
a threshold. Although a corresponding study has not been 
conducted for ozone, given the even weaker associations 
between ambient and personal exposures of ozone than 
exist for PM,, it seems very likely that the same result would 
be true for ozone. 

The question of confounding by PM may also be looked 
at by including PMjgOr PM, , direedy in the analysis as a co- 
poliutant along with ozone. Where this has been done, the 
results have generally indicated a slighdy weaker though sdli 
significant association with ozone. However, data availabil- 
ity issues complicate the comparison. In particular, in the 
United States most cities have collected PM^^ data only once 
every 6 days, so in NMMAPS, it was not possible to conduct 
an ozone + PM^j analysis that w'ould be direedy comparable 
with the results for ozone alone. Even less data arc available 
for ambient PM^,. Moreover differences in the degree to 
which exposures to each pollutant are correlated with actual 
individual exposure.s could allow' ozone to serve as a proxy 
for one of the other pollutants, even if the other pollutant 
were to be included in the regression model. 

Questions related to thre.shoids and nonlinear ambient 
ozone-mortality relationships remain open at the present 
time. The recent study by Bell el al. (2006) reported a sig- 
nificant ozone-mortality association even when the analy- 
sis was confined to clays with an ozone level below 15 ppb, 
though graphs in the same paper do not: entirely support this 
conclusion. Whether an association found at such low ozone 
concentrations indicates a causal effect is quesdonahle. The 
same paper also constructed a nonlinear dose-response 
curve showing an increasing ozone-mortality association 
above 15 ppb and a statistically significant association above 
40 ppb (of 24-h average ozone). However, we have doubts 
about the methodology and feel that judgment should be 
reserved on this conclusion at the present time. 

Time-series studies of ozone and hospital admissions 
Parallel to the above studies about time-series analysis and 
mortality, there have been corresponding studies related to 
morbidity, by various measures such as hospital admissions 
for respiratory or cardiovascular diseases. Many of these 
studies were available at the time of the 1996 ozone reviciw 
and diere have been only a handful of more recent studies. 

As an indication ofsomeoflhe studies used in the 2006 risk 
assessment, Thurston et al. (1992) found significant associa- 
tions between ozone and respiratory hospital admissions in 
three metropolitan areas (New York City, Albany, New York, 
and BulTalo, New York), for three summers (June-August, 
1988-1990). This time period included the summer of 1988, 
which had extreme pollution levels. Schwartz et al. (1996) 
reviewed the methodology used in assessing pollution- 
morbidity' relationships in time-series analysis (which raises 
more or less the same issues as do time-series mortality 
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studies) and analyzed an illustrative dataset for Cleveland, 
Ohio, finding a significant association that, translated to a 
10-ppb rise in 24-h ozone, would indicate a relative risk of 
1.04, with a 95% confidence interval from 1.01 to 1.08 (in 
other words, the result was marginally significant). Linnetal. 
(2000) studied the effect of ozone, CO, NO.,, and PM,g with 
cardiopulmonary hospital admissions in Los Angeles from 
1992 to 1 995, finding the strongest association ducto CO, and 
ozone relative risk coefficients that were eitlier negative or 
not statisdcally significant. Likewise, lio (2003) reanalyzed a 
dataset of Lippmann et al. (2000) that studied the association 
of several pollutants with hospital admissions in Detroit. The 
original study of Lippmann et al. (2000) had been affected 
by the "GAM bug” (Dominici et al., 2002)— this was a prob- 
lem with some of the statistical analyses due to the use of 
inappropriate default convergence criteria in the statistical 
package SPlus, but the error w'as detected and corrected in 
ail studies published in or after 2003. The results displayed 
by ito (2003) focus almost entirely on particulate matter, but 
the original results of Lippmann et al. (2000) show in almost 
all cases no statistically significant association with ozone; 
the one exception (among many endpoints studied) was for 
hospital admissions due to heart failure, where they did find 
a small just-statistically significant association. 

The hospital admissions literature differs from the mor- 
tality literature in that most of the papers consider data only 
for a single city or a very small group of cities (e.g., three in 
Thurston et al.. 2000). The one moderately larger study hy 
Burnett et al. (1997) did find significant ozone associations 
with hospitalization for respiratory causes in 16 Canadian 
cities, although their methodology was much weaker than 
that used in recent multi-city mortality studies. For example, 
they did not include a detailed meteorology model. 

The EPA’s .staff paper (2007a) compiled these and a 
number of other results into a diagram showing the associa- 
tions of ozone with different health outcomes (Figures 3-4, 
pages 3-56). However, it is clear from this figure that most 
of the individual results are not statistically significant, even 
though positive coefficients outnumber negative ones. 

In conclusion, the relationship between ozone and hos- 
pital admissions has been much less intensively studied 
than the corresponding relationship with mortality, with 
only one (comparatively small) multi-city study and no 
tneta-analyscs. Few new studies have been published since 
the 1996 EPA review (1996a), and the two post-2000 studies 
they cite do not support the conclusion of a statistically sig- 
nificant ozone association. All of these .studies, however, are 
subject to the same limitations and uncertainties described 
for the time-series mortality studies because they use the 
same types of data for estimating exposures to pollution, and 
use die same statistical estimation methods. 

Challenges of idenlilying effects of correlated pollutants 
The best approach to analyzing epidemiological data, w’hen 
multiple correlated pollutants might impact human health, 
has been under considerable debate in tlie scientific commu- 
nity. The traditional statistical approach for multipoUutant 


analyses Iws been criticized on the grounds that introducing 
a correlated pollutant might attenuate the estimate of the 
'true' relative risk of the pollutant under study. However, 
not including confounders such as co-poliutants can over- 
estimate the relative ri.sk of tlie pollutant under study- As a 
result, thesame events are counted more than once when the 
population impacts of multiple single pollutant analyses are 
estimated. Tlius, for example, the sum total of the estimated 
deaths due to pollutant A and the estimated deaths due to 
pollutant B, both derived from single pollutant models, can 
overstate the impact of the tw'o pollutants in tbe real-world 
situation in w'hich both pollutants coexist. 

Panel studies 

Panel studies generally involve a large number of repeated 
measurements of various indicators of effect in a relatively 
small group of well-defined subjects. As discus.sed previ- 
ously (see "Exposure Asses-sment"), panel studies are one of 
the few designs in w'hich Individual-level exposure assess- 
ment (e.g., from personal monitoring) is feasible. With this 
design, even without persona! monitoring, it is possible to 
characterize exposures with a high degree of accuracy and 
precision by limiting the study area and using study spe- 
cific monitoring data. For example, studies of Korrick et al. 
(1998), Brauer et al, (1996), Kinney et al. (1996), and Dcifinn 
et al. (1996) are similar to earlier studies of children attend- 
ing summer camps. Further, the de.sign has the potential 
to focus on subjects with specified time-activity patterns. 
Generally, the weaknesses of panel study designs are their 
ability to be generalized to a larger population and the use of 
intermediate endpoints, often including measures of effect 
that may have undetermined clinical relevance, for example 
those in the study of Kinney et al. (1996). 

New panel studies are listed in Table 8A-2 of the 2006 
Criteria Document. In general, there are two types of panel 
studies that have been considered. Several studies (Brauer 
et al.. 1996; Korrick et al., 1998) involved well-defined expo- 
sures to ozone in exercising individuals and were conducted 
in settings where impacts of co-pollutants were minimized. 
For example, Brauer et al. (1996) mea-sured the association 
between ozone and morning and evening lung function in 
a group of outdoor borr>' pickers. Subjects were outdoors 
during the entire daytime period. Ambient monitors were 
at or very near the study locations aud personal monitoring 
assessed and evaluated exposure in a subset of the study .sub- 
jects (mean difference = 2.5 ppb, r=0.64). Korrick eial. (1998) 
measured lung function of hikers on Mount Washington 
and assessed their association with mea.surements of ozone 
at the mountain summit and base. Both studies measured 
particle mass and acidity although only Korrick ct al. (1998) 
directly as.sessed the impact of co-pollutants finding an 
effect for both PM^ . and strong aerosol acidity. 

Another gronp of studies longitudinally assessed lung 
function or other measures in more complex exposure .situ- 
ations. For example, Mortimer et al. (2000), and Gent et al. 
2003), used ambient monitoring network data to assess expo- 
sures of study subjects dispersed over relatively large areas. 
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In the case of Mortimer et al. (2000), all ambient monitors 
in the county were averaged for each of eight urban study 
locations, in an approach similar to that employed m daily 
time-series studies of mortality. Gent et al. (23003) used the 
average of ail available ambient monitoring data in a large 
(6691-square-miIc) study area to assess exposures. In these 
studies, as well as those with similar designs (Naeher et al., 
1999) and exposure assessment approaches, major con- 
cerns pertain to their ability to accurately ascertain expo- 
sure to ozone relative to other co-pollutants. For example, 
neither design considers t^xposure heterogeneity within the 
study area, although it i.s well known that ozone concentra- 
tions will, for example, be reduced in areas with high traffic 
density due to quenching by NO emissions. Similarly, these 
designs also do not consider heterogeneity in concentra- 
tions of co-pollutants, for example due to traffic density, 
within the study area. 

Neas et al. (1995) used an intermediate design in which a 
central ambient monitor assigned the same exposure to all 
study subjects, but with the advantage that these measure- 
ments were only applied to a relatively small study area where 
co-pollutant concentrations were also well characterized. 
In the setting for this study, Uniontown, Pennsylvania, it is 
likely that the central monitoring site adequately character- 
ized exposures of the study population, although some small 
degree of heterogeneity in ambient concentrations is .still 
likely to have resulted in error in characterization of exposure. 
Ross el al. {2002} also employed a similar approach to expo- 
sure assessment. Although implemented in a more complex 
exposure environment, a somewhat similarscudy design was 
that of Romieu et ai. (1998) in which the study area (subjects’ 
residence and air monitoring dara) was restricted to a .spe- 
cific region within the Mexico City urban area. 

An additional issue regarding panel studies and ozone 
exposure is their ability to consider time-activity patterns. 
Assessment of activity patterns of study subjects is impor- 
tant given the distinct diurnal patterns of ambient ozone 
concentrations. 'Ihe studies of Korrick et al. (1998), Brauer 
et al. (1996), and Kinney et al. (1996) basically incorporate 
lime activity patterns and the ozone diurnal concentration 
pattern into the design by measuring outcomes before and 
during/after daytime periods of elevated ozone concentra- 
tions in subjects who, by design, are outdoors during this 
interval. For example, Brauer et al. (1996) measured lung 
function before and after daylight work period.s in a group 
of outdoor agricultural workers, Korrick et al. (1998) meas- 
ured lung function before and after subjects conducted an 
outdoor hike, and Kinney et al. (1996) measured markers of 
inflammation in bronchoalveoiar lavage samples collected 
before and after subjects exercised outdoors. Neas et al. 
(1995), while using central-site ambient monitoring data 
to assign exposures, also collected individual level data on 
time-activity patterns and calculated w'eighis to develop 
individual exposure estimates based upon the proportion 
of da^nime hours spent outdoors. When comparing the 
weighted versus un- weighted (assuming all children spent 
the same amount of lime outdoors) associaiioms, ozone for 
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peak expiratory flow and evening cough were larger than 
un-weighted effect estimates. These findings indicate the 
importance of incorporating time-activity patterns in study 
design and sugge.sl that failure to adjust for individuai-ievei 
differences in time-activity patterns, as in the majority- of 
studies using central or averaged monitors (Gent et al, 2003; 
Mortimer eial., 2000; Naeher etal, 1999; Romieu etal, 1998; 
Ross et al, 2002). may result in smaller effect estimates. 

Panel studies may provide an opportunity to examine 
ozone exposure and specific parameters of disease activ- 
ity. For example, Gent et al (2003) followed 271 asthmatic 
children under age 12 over 6 montlis for daily symptoms in 
relation to ozone and PM, , The need for regular antiasthnia 
medication was considered an indicator for more severe 
asthma. Not taking any medication on a regular basis and 
not requiring a bronchodilator suggested the presence of 
mild asthma. The ozone effects observed in relation to symp- 
toms were seen only in the medication group. Although the 
medication use provides an attractive index of disease activ- 
ity> Gent et ai. (2003) did not control for pollen and relative 
humidity that may he potential confounding factors — it is 
unclear if these are correlated with ozone concentrations 
in this study area. This represents another potential limita- 
tion of this particular study, although other studies have 
shown independent effects of ozone and pollen. Finally, the 
absence of personal monitoring, as previously discussed, is 
a significant limitaliori in terms of attributing tlie effects to 
ozone. 

Controlled human exposure studies 
Controlled human studies, or clinical studies, involve 
exposure of human volunteers to ozone and/or other pol- 
lutants under carefully controlled conditions, u.sually in an 
exposure chamber, but occasionally via face mask. Activity 
patterns during exposure are usually conducted according 
to a protocol, and measurement of minute ventilation (Vj,) 
during exercise for each volunteer and ozone concentration 
(C) in die chamber during exposure allows accurate and 
precise calculation of personal expo.sure. Some noninvasive 
measures of response such as lung function and respiratory 
symptoms can be made repeatedly before, during, and after 
a single exposure while other, more invasive ones such as 
bronchoalveoiar lavage (RAI.) or airway reactivity can usu- 
ally only be performed on one occasion for each exposure. 
Volunteers usually also undergo an exposure to filtered 
air (FA) alone, which is otherwise identical to that of the 
ozone exposure and which serves as a control condition. 
Comparison of the re.sponses to ozone and FA exposures 
allows independent estimates of ozone-induced effects 
witliout confounding variables from the study itself, such as 
exercise or diurnal effects. 

Nature of evidence 

At the time that the 1996 F-PA Criteria Document (1996a) was 
written, the following characteristics of response to ozone 
exposure had been w'ell established in controlled human 
studies: 
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1) Sufficient short-term ozone exposure caused the fol- 
lowing acute reversible effects; (1) lung function 
decrements (e.g., FEV^); (2) induction of respiratory 
symptoms (e.g., cough, pain on deep inspiration); (3) 
airway epithelial injury leading to a cascade of events, 
including increased epithelial permeability, inflamma- 
tion, and repair; and (4) increased airway reactivity to 
nonspecific stimuli such as methacholine. 

2) These elfects had all been observ-ed to occur in a dose- 
response fashion down to 0.08 ppm ozone in one or 
more studies as a result of 6.6-h exposures with moder- 
ate, nearly continuous exercise. They had generally not 
been studied at concentrations below 0.08 ppm. 

3) Younger adults were more responsive (for symptoms 
and FEVj) than older adults. Sparse data suggested that 
for low-level, short-duration exposures, 8-11-year-old 
childreu experienced FEV^ responses that were simi- 
lar to those of young adults but experienced symptom 
responses that were absent or smaller. No controlled 
exposure data were available for children exposed to 
higher levels of ozone or for durarions longer than 2h. 
Response was accentuated by exercise and increased 
duration of response (up to 6.6h), all other things being 
equal. 

4) Otherwise similar, healthy young adults varied in their 
individual responsiveness (FEV^ and symptoms) to 
ozone, but with reproducible levels of response at the 
individual level. 'Ihe observed interindividuai variabil- 
ity in response became more pronounced and the dis- 
tribution of individual responses more skewed at higher 
and higher exposures (i.c., which produced larger mean 
effects). 

5) Multiday exposures resulted in an attenuation of die 
FEVj and symptom responses after 3-5 days of expo- 
sure, and this attenuation of response lasted for several 
days to 2 weeks following 5 days of exposure. Other less 
well-established data suggested that the acute revers- 
ible FEV, responses of volunteers with asthma may he 
marginally larger than those without asthma. 

Many clinical studies published since the 1996 EPA Criteria 
Document (EPA, 1996a) have generally been consistent 
with the information that wa.s well established at that time, 
and no previously well accepted finding has been refuted. 
Further studies on asthmatics have generally, but not uni- 
formly, supported the earlier impression that the acute lung 
function response of asthmatics may be slightly greater than 
those without asthma. Several new observations that are 
described below have been made since 1996. 

1. Small group mean FE\^, responses have recently been 
observed following exposure to 0.06 ppm for6.6h in vol- 
unteers undergoing moderate, nearly continuous exer- 
cise. Over the past 10 years, Adams (2002, 2003, 2006a, 
2006b) has published a series of studies of exercising 
young healthy adults exposed to various concentrations 


of ozone for 6.6 h that are comparable to the series of 
studies available for the EPA Criteria Document (EPA, 
1996a). His findings for exposures to 0.08 and 0.12 ppm 
are generally similar to those of these earlier studies 
both with regard to mean and interindividual variability 
of FEVj response as well as with regard to respiratory 
symptoms. 

Adams (2006a), for the first time, however, also con- 
ducted exposures to 0.04 and 0.06 ppm ozone. There 
was no meaningful evidence of an effect during the 
0.04-ppm exposures, but the data suggest that expo- 
sure to 0.06 ppm ozone does result in a small group 
mean FEV^ decrement relative to FA exposure, but with 
ambiguous statistical significance. In this study (Adams, 
2006a), 30 healthy young indivndnals were exposed for 
6.6 h to six conditions, including filtered air, 0.06 ppm, 
and 0.08 ppm, among others. Adams (2006a), seeking 
differences in patterns of response among the different 
exposures, utilized a Scheffe post hoc test for controlling 
study-wide level of alpha while making multiple com- 
parisons among the many data points. This test (which 
is not particularly powerful for detecting specific differ- 
ences in the context of large numbers of comparisons) 
did not identify the response of the 0.06-ppm exposure 
as statistically different from that of the FA exposure. 
However, alternative statistical tests suggest that the 
observed small group mean response in FEV^ induced 
by exposure to 0.06 ppm compared to FA is not the 
result of chance alone. Tlie mean difference in the FEV^ 
decrements between the two exposurevS at 6.6 h was 
approximately 2.9%, which was statistically different {p 
< 0.001) from 0 when tested using a t statistic without 
correction fur multiple comparisons. 

Further examination of the postexposure FEVj data 
and meau data at other time points and concentra- 
tions also suggest a pattern of response at 0.06 ppm 
that is consistent with a dose-response rather than 
random variability. For example, the response at 5.6 h 
was similar to that of the postexposure 6.6-h response 
and appeared to also differ from the FA re.sponse. The 
volunteers in this study did not appear to be more 
responsive to ozone than volunteers in pre.vious stud- 
ies as the observed response at 0.08 ppm in this study 
was similar to that of previous studies. Although of 
much smaller magnitude, the temporal pattern of the 
0.06-ppm response was generally consistent with the 
temporal patterns of response to higher concentration.s 
of ozone in this and other studies. Responses below' 
0.08 ppm ozone have not previously been observed, but 
this finding is not totally unexpected because the pre- 
viously observed FEV^ responses to 0.08 ppm were in 
the range of 6%-9%, suggesting that exposure to lower 
concentrations of ozone would result in smaller, bur 
real FEV^ decrements. The EPA reanalysis and reinter- 
pretation of the studies of Adams has been questioned 
by Adams (2007) and by Smith (2007) in presentations 
to the Clean Air Scientific Advisory? Committee. Thus, 
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the public health significance of responses at 0.06 ppm 
ozone is still being debated. Ihe Panel recognizes that 
uncertainty necessarily surrounds a secondary analysis 
and the integration of results from a single study in one 
laboratory with 0.06 ppm ozone exposures and results 
obtained in studies at higher concentrations by other 
investigators. Resolution of this uncertainty will require 
that further research be conducted to clarify the issue. 
'Ihe Panel felt strongly that a double-blinded rand- 
omized study with the same subjects exposed to mul- 
tiple ozone concentrations in the 0.04' 0.09-ppiii range, 
with appropriate air controls, would aid in reducing the 
uncertainty in exposure-response relaiion.ships below 
0.08 ppm ozone. 

2. Several new studies have demonstrated that exposure 
of individuals with atopic asthma to sufficient levels of 
ozone produces an increase in specific airway respon- 
siveness to inhaled allergens. Tlie observed responses 
have only been studied for ozone concentrations above 
the current NAAQS of 0.08 ppm. The lowest concentra- 
tion at which this response was obsen'^ed by Kehrl et al. 
(1999) following a single exposure was 0.16 ppm dur- 
ing 7.6-h exposures with light exercise. Four consecu- 
tive days of exposure to 0.J2 ppm for 3h (Holz et al., 
2002) also resulted in an increase in responsiveness to 
inhaled allergen. 'These findings, in combination with 
previously observed effects of ozone on nonspecific 
airway responsiveness and airway inflammation, sup- 
port the idea that ambient ozone exposure could result 
in exacerbation of asthma several days following expo- 
.sure, and provides biological plausibility for the epide- 
miologic vStudies in which ambient ozone concentration 
has been associated with increased asthma symptoms, 
medication use, emergency room visits, and hospitali- 
zations for asthma. 

3. Some new evidence points to an enhanced inflamma- 
tory rCvSponse in people with asthma exposed to ozone 
compared to people who do not have asthma (Scanneli 
et al, 1996). 

4. Holz et al. (1999) demonstrated individual variability in 
die inflammatory respon.se and reproducibility of the 
individual differences, as is the case for FEV, responses. 
Several studies, however, have shown no correlation 
between the magnitude of individual FEV^ responses 
and the inflammatory response, suggesting that differ- 
ent mechanism.s are responsible for the two effects Holz 
et al, 1999; Balmes, et al., 1996; Torres et al, 1997). 

5. Evidence suggests that although multiple daily expo- 
sures result in attenuation of the FEV^ and symptom 
effects for .subsequent exposures, some of the epithe- 
lial damage/inflammation/epithelial permeability 
responses do not attenuate during a 5-day exposure 
(Devlin et al, 1997; Jorres et al, 2000). 

6. One study (Folinsbee et al, 1 994) suggests that nonspe- 
cific airway responsiveness to methacholine does not 
completely attenuate after 4-5 days of prolonged ozone 
exposure. 
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7. One study (Frank et al. 2001) suggests that multiple 
daily exposures to ozone results in persistent functional 
small airway changes reflected in lower baseline levels 
of small airway function over time. 

8. Several studies (Adams, 2003, 2006a. 2006b) have 
confirmed an earlier report (Hazucha et al, 1992) that 
hour-by-hour responses to prolonged exposures with 
triangular concentration patterns are not adequately 
described by the responses to constant concentration 
exposures with the same overall mean concentration. 
Rather, responses at intermediate lime points are influ- 
enced by recent peak concentrations. New exposure- 
response models based upon a differential equation 
and a logistic (sigmoid-shaped) function have been 
developed which accurately describe this hourly FEV^ 
response to a wide range of exposure conditions for 
both constant and variable concentration and activity 
pattern exposures (Smith et al, 1999; McDonnell et al, 
2007). The predictive ability of these models in inde- 
pendent data sets ha.s not been assessed. 

9. One study (Gong et al, 1998) found relatively small 
effects of ozone on several indices of cardiovascular 
(CV) function among many measured. Responses were 
similar for volunteers with no CV disease and those with 
essential hypertension, Tltis is a relatively unexplored 
area, and the implications of the results of this study for 
explaining potential CV effects of ambient ozone on the 
general population are unknown. 

Special consideration.^ in evaluating controlled human 
exposure studies 

Controlled human studies are powerful tools for assessing 
acute, reversible health effects of short-term air pollutant 
exposure. Because of the random assignment of volunteers 
to treatment group or the randomization of the order of treat- 
ment in a crossover study design, these studies are experi- 
mental in design and associations observed in controlled 
human studies can be considered causal in nature, unlike 
observational studies in which concerns about confound- 
ing and other forms of bias are usually present. Because 
ozone concentration and minute volume can be measured 
for each individual, accurate and precise estimates of per- 
sonal exposure are available for estimating tlie quantitative 
relationship between expo.surc and re.sponse. The result- 
ing exposure-response models more accurately reflect true 
causal relationships, improving risk assessment. 

Because pollutant concentrations in a chamber can be 
controlled, the effects of ozone can be studied directly and 
independently of the effects of other pollutants in the photo- 
chemical mixture tliat occurs in the ambient air. For logistic 
reasons (e.g., small sample sizes), tlrese studies are limited 
in their ability to detect causal effects of ozone on relatively 
rare, but potentially important events (e.g., emergency room 
visits for asthma exacerbation). Furthermore, for ethical 
reasons some segments of the population most likely to 
be sensitive to ozone exposure (e.g., people with severe 
asthma) or of great public health concern (e.g., children) are 
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more difficult to study. In these cases, hoivever, controlled 
human studies can often provide informaiion that comple- 
ments or enhances the interpretation of findings in obser- 
vational studies. The best illustration of this is investigating 
w'hether ambient ozone exposure causes or contributes 
to asthma exacerbation, which controlled human studies 
cannot directly address. Although people with asthma at 
greatest risk carmot be subjected to experiments, stud- 
ies of people with mild asthma reveal that ozone exposure 
increases airway inflammation and epitlieliai permeability, 
nonspecific airway reactivity, and airway responsiveness to 
inhaled antigen. Because airway inflammation is a hallmark 
of asthma, increased nonspecific airway responsiveness is 
associated with elevated likelihood of asthma exacerbation, 
and increased responsiveness to inhaled antigen is a direct 
mechanism of exacerbation, the results of these clinical stud- 
ies indicate that it is biologically plausible that ozone expo- 
sure can contribute to asthma exacerbation. 'Fliese findings 
support observational studies that associate ambient ozone 
concentration with asthma exacerbation. 

Mechanisms of ozone toxicity 

Ozone affects the human respiratory system in several ways. 
Ozone is a highly reactive gas that is deposited throughout 
the entire respiratory tract from the airways to the alveoli. 
Its solubility in water is greater than that of oxygen and its 
oxidant natvxre renders it able to react wdth almost any 
biomolecule along the respiratory tract. The solubility and 
reactivity likely account for the reported approximately 40% 
uptake of inspired ozone by the human nasopharynx (in 
contrast to SO^, which is >98%). Dosimetry models predict 
that the tissne dose of inhaled ozone is greatest at the bron- 
choalveolar junction, which is the pulmonary region experi- 
mentally most sensitive to ozone. Recent ozone bolus stud- 
ies in humaas have confirmed that inspired ozone reaches 
the divStal airways and alveoli of sedentary volunteers, and 
during exercise ozone penetrates deeper and in greater 
amounts to the distal lung regions. Thus, ozone can affect 
the entire respiratory tract but maneuvers such as exercise 
or oral breathing alter regional deposition of the gas. 

Toxicityofozone is primarily attributed to its reactivityand 
ozonation of unsaturated fatty acids pre.sent in lung lining 
fluids. Controlled exposure studies in animals and humans 
have provided a strong .scientific basis for understanding 
ozone toxicity. Changes in lung function in response to 
ozone have been studied in healthy volunteers, people with 
asthma, and in individuals with chronic obstructive lung 
disease, as w’ell as in a number of animal models. 

In addilioji to effects on pulmonary mechanics, expo- 
sure to ozone at levels near the airrent NAAQS causes 
cellular and biochemical changes in the upper and lower 
respiratory tracts characteristic of an acute inflammatory 
response. Respiratory tract inflammation and increased 
cellular permeability are two of the hest-studied biologi- 
cal markers of ozone-induced mechanisms of lung Injury 
in animals, including humans. Clinical studies using BAL 
show ozone-induced increases in polymorphonuclear 


leukocytes (PMNs), soluble markets of inflammation and 
repair, and markers of epithelial permeability (Seltzer et al, 
1986; Kehrletal, 1987; Koren eta!., 1989; Devlin et al, 1991; 
Frampton et al., 1997). Soluble mediators of inflammation 
(e.g., the cytokines interleukin [IL]-6 and IL-8) as well as 
arachidonic acid metabolites {e.g., prostaglandin E2 {PGE2], 
PGF2a, thromboxane, and leukotrienes (LTs] such as LTB4) 
measured in the BAL fluid in humans exposed to ozone also 
have bronchoconsirictive properties and may be involved in 
increased airway responsiveness following ozone exposure. 

Animal and human studies suggest that genetic factors 
can play a major role in responsiveness to ozone. Mice 
exhibit large Intrastraia differences in response to ozone, 
and a genetic locus confers susceptibility to the ozone- 
induced influx of PMNs into the lung. Recent evidence sug- 
gests that single-nucleotide polymorphisms or null alleles 
may be risk factors for various diseases. Because ozone is a 
strong oxidant, it is plausible that genetic variations in phase 
II antioxidant genes, .such as glutathione S- transferase, could 
increase ozone responsiveness. For example, children with 
an absent or nonfunctioning glutathione S-transferase Mu-1 
(GSTMl) allele living in Mexico City had greater ozone-in- 
duced lung function changes than GSTMl -positive children. 
Tissue biopsies from GSTMl-nuIl individuals were exposed 
to ozone in vitro and had significantly increased .superoxide 
dismutase (SOD) expression compared to biopsies from 
individuals with the wild-ty])e allele. Similarly, chamber 
studies appear to be demonstrating enhanced responsive- 
ness among GSTMl ozone-exposed individuals. 

In .summary, the mechanisms of ozone toxicity in pro - 
ducing relatively acute effects are well understood. The dose 
to the target tissue, injury to the epithelium with resultant 
inflammation and increased permeability, and genetic 
polymorphisms that may confer susceptibility are likely 
interrelated. These anim^ and clinical laboratory findings 
provide plausibility for ozone exposure producing the effects 
reported in the field and epidemiological studies. However, 
the laboratory responses are (1) typically obseived at levels 
exceeding those found in the environment; (2) are rapidly 
reversible: (3) indicate a different mechanism of injury for 
the inflammatory and functional effects based on disparate 
responses; (4) are not aJway.s unique to ozone, other com- 
mon air pollutants act through similar mechani.sms; and (5) 
offer little direct insight into potential chronic health effects 
secondary to ozone exposure. 

The most relevant experimental evidence on the effects 
of chronic c;q>osure to ozone comes from a series of inter- 
related studies conducted under the sponsorship of the 
National Toxicology Program (NTP) and the Health Effects 
Institute (HEI). The exposures were conducted at the Pacific 
Northwest [laboratories (PNL) of the Battelle Memorial 
Institute and included experimental ob.serv^tions made by 
PNL scientists conforming to the standard NTP bioassay. 
In addition to the observations made by PNL scientists, 
HEI-supported scientists from other institutions made addi- 
tional observations that focused on noncancer endpoints in 
respiratory tract tissue ranging from the biochemical level 
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to studies of pulmonary function. F344/N rats and B6C3F| 
mice, of both genders, were exposed to ozone starting at 6 
weeks of age for up to 125 weeks (rats) and 130 weeks (mice). 
'Ihe exposure levels were 0, 0.12, 0.5, and l.Oppm ozone for 
6h/day, 5 days/week. The highest concentration was viewed 
as being the highest concentration that could be tolerated 
with prolonged exposure. 

The details of the studies are documented in reports 
by the NTP (NTP, 1994) and HEI (Boorman et al, 1995; 
ITarkema et a!., 1994; Catalano et al., 1995). The HEI reports 
are rigorously peer-reviewed and arc much more detailed 
than f>p»ical open-literature publications. The three HEI 
reports cited provide an overview and key results of the 
ozone studies, there are additional eight reports available. 
They may be found on the HEI Web site. The survival of both 
rats and mice were generally similar for all groups. Body 
weights were generally similar across all groups of rats and 
mice, with an indication of hypoactivity and lower body 
weights with the highest ozone exposure concentrations. 
The most pronounced histological changes, metaplasia and 
hyperplasia, were observed in the nasal tissues of both rats 
and mice. There was no effect of 0.12 ppm ozone on nasal 
structure or function, Alveolar epithelial metaplasia an<l 
interstitial fibrosis in the lung were observed with ozone 
exposure. Tlie pulmonary pathology present with exposure 
to 0.5 ppm and 1.0 ppm ozone was not present at the 0.12- 
ppm exposure level. There was no increase in neoplasms in 
eitherralsorraicc associated with ozone exposure. Extensive 
pulmonary function tests, similar to the research methods 
used in human clinical studies, were conducted on the rats. 
The ozone exposure had little or no measurable impact on 
lung function. ’^Ihe investigators hj'pothesized that with pro- 
longed exposure the animals became tolerant to the injuri- 
ous effects of ozone. 

Ihe findings in the mice and rats expo.sed for prolonged 
periods of time, approximating the life spans of (he two 
species, to high concentrations of ozone complement the 
extensive observations with short-term exposures that have 
tended to focus on acute effects. .Species differences in the 
disposition of inhaled ozone are well recognized and must 
be considered in extrapolating the findings in mice and rats 
to humans. In addition, despite the general qualitative .simi- 
larity of toxicity of many chemicals in laboratory animals 
and humans, the quCvStion remains as to the extent the find- 
ings in the mice and rats can be quantitatively extrapolated 
to humans. 

Risk assessment 

Ihe risk assessment process 

Risk assessment is the process by which analysts summarize 
the available evidence on health effects in terms that are 
relevant for policy making. In most applications, includ- 
ing for era's NAAQS setting process, the risk as.sessment is 
quantitative, meaning cliat the policy-relevant outputs of the 
risk assessment are numerical estiinate.s of specific health 
impacts. Risk assessment is the first point in the chain of 
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scientific inquiiy' on pollutant health effects where analysts 
take the evidence from clinical and epidemiological studies 
of responses or associations to estimate implications for the 
population at large under alternative air quality standards. 
This requires a number of extrapolations, simpUficalions, 
and policy judgments that imply large overall uncertainly 
in the resulting assessment. As the NRC (2002) has advised, 
"Although the results of benefit analysis may appear to be 
less certain, EPA should describe the uncertainty as com- 
pletely and realistically as possible, recognizing that regula- 
tory action might be necessary in dte presence of substantial 
uncertainty." 

A very major shift in the nature of tlie discussion of the 
scientific evidence occurs at the risk assessment step. Most 
of ibe deliberations surrounding interpretation of the health 
effects literature center on the question of "whether" certain 
studies indicate a particular type of physiological response 
to exposure, and w'hether an observed response has medical 
significance. In the risk assessment step, however, EPA treats 
the question of "whether" as resolved in favor of "yes,” and 
shifts to the question of "how much" public health response 
occurs and how much those impacts could be reduced by 
changing the NAAQS. Thus, while much debate continues 
on whether a causal relationship between ozone and pre- 
mature mortality lies beneath the studies that have delected 
a statistical a.ssociation between the two, EPA’.s risk assess- 
ment presumes this to be the case for the sake of making its 
numerical estimates. EPA notes this presumption in its doc- 
uments, but the fact is easily lost to those who do not read 
the source documents in full, but do read the summaries of 
the numerical estimates of "lives lost" and potential "lives 
saved" by tightening the NAAQS. 

The resulting numerical health effects estimates arc sup- 
posed to synthesize and be consistent with all of the avail- 
able evidence, which may be a combination of toxicological, 
clinical, and epidemiological studies. In practice, however, 
most of EPA’s risk assessment results are merely extrapola- 
tions from a single type of study. In the case of ozone, the esti- 
mates of premature mortality and hospitalizations— which 
are given the greatest focus in subsequent policy-making 
deliberations— are extrapolated from just a few specific epi- 
demiological studies. The uncertainties introduced in the 
many types of extrapolation that occur in risk assessment 
will be discussed below, after a brief summary of the math- 
ematical procedure that EPA employs to extrapolate from 
epidemiological studies to its estimates of health effects. 

An epidemiological study reports whether it detected 
an association between rates or incidences of a particular 
health effect (e.g., mortality or hospitalization) and levels 
of ambient pollution. Actually, there is always some kind of 
associatiori detected, and the question of interest is whether 
the numerical estimate of the association is positive (i.e., 
health effects tend echo increase as pollutionin creased), and 
what the confidence interval (i.e., the range of variability) is 
around that numerical estimate. The numerical estimate 
is often reported as a relative change in risk for a particu- 
lar amount of change in the monitored ambient pollutant 
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levels, where a relative risk greater tlian 1 .0 implies that the 
observed association is positive. A "statistically significant" 
positive association is one where the confidence range for 
the numerical estimate of relative risk is always greater than 
1.0. Often positive associations are reported as evidence 
of a health effect, yet such estimates are not statistically 
significant, which means that the probahilily that the esti- 
mated association is actually negative exceeds the .specified 
confidence level {usually 2.5%). The degree of insignificance 
can be so large that the probability of the association being 
negative may reach 50% whereas the point estimate of the 
risk coefficient remains positive. Nevertheless, EPA uses 
such nonsignificant associations to generate positive point 
estimates of health effects from ambient pollution, and of 
public health gains by tightening the ainbienl standard. 

In the risk assessment, EPA takes the numerical estimate 
of the association from a particular epidemiological .study 
and interprets that numerical estimate as the slope of a "con- 
centration-response” function for the population at large, 
Tlie concentration-response function provides an estimate 
of the health effects risk level of an entire population (e.g., 
the population of a metropolitan area) when exposed to dif- 
ferent levels of a specific measure of ambient air pollmion. 
The pollutant metric used in the concentration-response 
function is the same as the one measured in the original 
study (e.g., in tenns of the daily average ozone concentration 
measured at a particular set of monitors in the case of daily 
ozone mortality studies). Because of the panicular shape of 
the concentration-response relationship that EPA employs, 
EPA assumes that the change in population risk per unit 
change in ambient concentrations will be the same at much 
lower concentrations as it was for the particular levels of pol- 
lution that were present at the time the study was conducted. 
Notably, the concentration-response function also assumes 
that the level of population risk will be the same for any mix 
of air pollution that may coexist with a panicular value of the 
single pollutant metric used in the concentration-response 
function. 

EPA then uses recently monitored daily average con- 
centrations of ozone for a specific city to estimate the level 
of health effects on each day in that city by calculating the 
“response" level projected by the concentration-response 
function for each day's ozone level. Daily effects estimates 
are summed over a full ozone season of daily ozone concen- 
tration.s to obtain its reported ozone season health effects 
incidence levels. These estimates are compared to estimates 
at different levels of pollution, including an estimate of 
"background” levels, and at estimates of ambient concen- 
trations that would hypothetically occur under alternative 
N.AAQS levels. For the NAAQS standard-setting delibera- 
tions, EPA prepares risk estimates only for a selected set of 
cities, osten.sihly because EPA does not wish to extrapolate 
health effects associations estimated in one particular loca- 
tion (i.e., vvitli a particular socioeconomic mix, weather and 
lifestyle patterns, and polkiiani mixtures) to other locations. 
In practice, however, EPA makes such extrapolations anyway 
in how it established the concentration-response functions 


that it uses for die cities that it does inciude in its risk assess- 
ment (For example, EPA relies on mortality relative risk 
estimates for each city included in its risk assessment that 
were developed as national estimates, using data from a 
multitude of cities.) 

Uncertainty exists in the results of the original studies, 
but the risk assessment process, which extrapolates from 
the samples in the studies to a broader population, adds 
substantially to it— even if that broader population is lim- 
ited to people in the same location or with the same health 
conditions as in the sample of the study. The extrapolations 
required in risk assessment introduce three broad categories 
ofadditional uncertainty: (1) extrapolations made to estimate 
exposure-response relationships, (2) extrapolations made to 
assess changes in exposures, and (3) policy’^ judgments made 
regarding “background” pollutant concentrations. 

Uncertainty in estimating ambient 
concentration-response relationships 
Uncertainties of the first category— those due to extrapolat- 
ing from epidemiological evidence to develop a quantified 
“exposure-response relationship"— have received the lion's 
share of attention in reviews of EPA's risk assessment. This 
focus is not becanse this is the largest source of uncertainty. 
It is probably because the associated issues are most closely 
related to the health effects literature, the area in which most 
of the commentor.s and advisors surrounding a NAAQS 
review are experts. The uncertainties are, nevertheless, very 
large. The discussion of the risk assessment calculations 
above has already mentioned some of the following extrapo- 
lation issues: (1) from tbc populations in the original studievS 
to current populations in the United States; (2) from levels of 
poUurams in the original study to current and hypothetical 
lower levels of concentrations (particularly down to levels 
that were never experienced in the course of the original 
study); (3) from the pollutant mix present at the time and 
place of the original study to the pollutant mix that would 
be present at different times and locations; and (4) from 
changes in monitored average concentrations across wide 
geogra[)hica! areas to changes in the exposures actually 
experienced by Individuals 

In addition, of course, is the fact that the analysis assumes 
that statistical associations (sometimes statistically nonsig- 
nificant ones) reflect a causal relationship with the specific 
pollutant of concern (i.e., ozone in this case). 

Hxtrapolaiionisnottheonlysourceofuncenaintyindevel- 
oplnga quantitative representation of an expo.sure-response 
relationship based on epidemiological evidence. As an aside, 
exposure data for large populations is never available so it 
is necessary to assess the ambient concentration-response 
relationship. There are also concerns with quantitative biases 
in the epidemiological estimates of the relative risk. If a rela- 
tive risk is estimated for a single pollutant, yet two or more 
pollutants are affecting healfij outcomes, then the relative 
risk for the single pollutant formulation may actually reflect 
the combined impact of other pollutants that are missing 
from the statistical model. If they are both exerting an effect, 
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and both pollutants are positively correlated, the relative 
risk for the single pollutant in question may be overstated, in 
fact, a positive relative risk could be attributed to a pollutant 
that is having no effect on health at ail if it is correlated to a 
harmful exposure that is never included in the regression. 
Similarly, estimates of relative risk have been shown to vary 
quite substantially when the stadstical model controls for 
weather and other temporal factors in different ways. 'Ihere 
is no objective way to determine the correct form for these 
statistical controls, so that one has no way of knowing which 
of the many possible relative risk estimates is the best one— 
and thus, whenever any single estimate is used in the risk 
assessment, it is almost certainly a biased estimate. 

All of the above concerns in how to move from a quali- 
tative interpretation of the epidemiological literature to the 
quantitative interpretation required in risk assessment con- 
Tribute to “model uncertainty." Ihis form of uncertainty is 
distinct and separate from the statistical variability that sur- 
rounds the relative risks that are estimated in the epidemio- 
logical studies. Whereas there is statistical variahility about 
the magnitude of the relative risk (hat is estimated using a 
particular statistical formula with a specific combination of 
explanatory variables (or model), model uncertainty relates 
our lack of knowledge of how to choose the best statistical 
formula, and also the inherent inability of the statistical 
techniques to inform us about the shape of the true under- 
lying exposure-response relationship. For example, the 
statistical techniques and data are limited in their ability to 
distinguish whether the relative risk per unit of additional 
concentration varies from lower to higher exposures within 
the observed data. It is, of course, impossible for these meth- 
ods to determine such functional shape at levels of exposure 
that are substantially below those in the dataset— but which 
are not below those being considered in the risk assessment. 
Even if the question of functional shape could he addressed 
satisfactorily for the concentration-response relationship, 
mode! uncertainty remains due to the question of how the 
observed changes in ambient concentrations translate into 
changSvS in exposures that people actually experience. All of 
these issues thus imply a large swath of uncertainty that the 
measure of statistical variability from the original study does 
not reflect at all. 

Sensitivity analyses— both in the epidemiological 
estimations and by risk analysts considering alternative 
extrapolations from e.stimates in the literature— indicate 
that model uncertainty regarding the choice of statistical 
formulation and shape of the ambient concentration- 
response relationship is much larger than the statistical 
uncertainty surrounding relative risk estimates obtained 
for any particular statistical formulation using a single set of 
data. In practice, however, EPA ignores model uncertainty 
in its primary risk estimates. EPA presents its primary risk 
estimate with a “confidence range" that appears to be a 
statement of uncertainty about its health effects incidence 
estimates; however, this range reflects only the statistical 
variability reported for the single relative risk estimate that 
EPA has chosen to rely on. 
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Uncertainty in estimating changes in ozone exposures 
Ihe second category of uncerlainiy that is inherent in the 
extrapolations in HPA’s risk assessments for setting a NAAQS 
is much less widely recognized, hutisjustas important quan- 
titatively. This is tile extrapolation that EPA makes to assess 
how exposures wall be changed if EPA tightens the NA/\QS. 
The way that an alternative standard could reduce health 
risk is by changing exposure levels, at least on some days. In 
its risk assessment, therefore, EPA has to estimate how and 
when exposure levels would change as a result of imposing 
a different NAAQS level or form of standard. 'Ihis requires 
important polic>'^ judgments described below. EPA's result- 
ing risk estimates are very sensitive to these judgments. 

First, because the risk assessment uses only a concentra- 
tion-response function, it assumes that all individual expo- 
sures change In direct proportion to ambient concentrations 
at a fixed set of area-wide monitors. Ihus, to simulate the 
change in risks under an alternative standard, EPA estimates 
how attainment of that standard would affect currently 
measured average ambient concentrations on the existing 
network of monitors in each metropolitan area in its risk 
assessment. 'Ihe extrapolation technique that EPA applies 
is called the “rollhack" method, because it takes a record of 
previously monitored ambient levels (e.g., all of the moni- 
tored hourly ozone values taken in the city being analyzed 
during the 2004 ozone sea.son) and lowers (“rolls hack”) 
each monitored value by a specific proportion. 

In the case of ozone, EPA determines the proportion 
by which each monitored value in the record is reduced, 
or rolled hack, by estimating the percentage by which the 
highest values within that record would have to he reduced 
in order to "just attain" the alternative standard. A related 
percentage reduction is then applied to every other hourly 
monitored value in the record, depending on the absolute 
level of ozone that was measured. Tire percentage reduction 
applied to these highest values in the distribution of hourly 
measurements is simply the initial percentage reduction that 
EPA determined necessary for attainment. As one moves to 
lower and lower levels on the distribution, that initial per- 
centage is reduced gradually in such a way that it becomes a 
zero-percentage reduction just as one reaches the tail of the 
distribution where the measured ozone level would be zero. 
EPA calls this a "quadratic rollback" formula because the 
initial rollback percentage declines in a quadratic fashion 
along the length of tire distribution that is being rolled back. 
The end result is a new distribution of hourly ozone values 
that lies to the left of the original actually monitored distribu- 
tion, w'ith greater reductions on the higher ozone days than 
on the lower ozone days, but always with quite substantia! 
reductions until one reaches near-zero ozone values. 

The new distribution exactly meets the alternative stand- 
ard in question in terms of its peak levels, but use of EPA’s 
rollback formula also makes a strong assumption in iLs 
adopted rollback formula that attainment of the necessary 
peak conditions will have a very substantial effect on ozone 
exposures in every single hour of the ozone season. Figure 7 
provides an example of the distribution of ozone values in 
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Daily 8-Hour Maxima (PPB) 

I— 2004 Ozore Values' ->-'epVvs Rollback tor .064 ppm NAA^ 


Figure 7. Cumulative distribution function for Detroit 2004 ozone, and 
distribution after EPA’s rollback to simulate "just attaining" a 0.064-ppm 
ozone NAAQS. (See colour version of this figure online at vms’w.informap- 
harmascicnce.com/iht) 

2004 in Detroit, and of what EPA assumes for its risk assess- 
ment would be the distribution of ozone concentrations if 
Detroit were to just attain an alternative standard of 64 ppb. 
At each point moving up the graph vertically {which is like 
moving from the lowest percentile of hourly concentrations 
to the highest percentile). EPA’s estimates of health effects 
on days at each concentration level are decreased in pro- 
portion to the horizontal distance between the original and 
extrapolated curve. 

Tlie total reduction in evStimaied health effects is (effec- 
tively) proportional to the sum of the reductions at each 
concentration level For example, consider the 20th percen- 
tile concentration level in Figure 7 (i.e,. a concentration that 
is exceeded 80% of the days). 'Ihe 8-h maximum in 2004 in 
F'igure 7 was about 20 ppb. EPA’s rollback method assumes 
that a NAAQS of 64 ppb would cause all days already at 
about 20 ppb to be reduced to about 24 ppb. If background 
levels are assumed to be 20 ppb, this is a 50% reduction, and 
the portion of risk above background associated with days 
at that level will also fall by about 50%. Similarly, for days at 
the 90th percentile ozone levels, the 2004 concentration in 
Figure 1 was about 53 ppb. EPA aj5sumcs concentrations at 
this level will he reduced to about 38 ppb. If background is 
20 ppb, the estimated risk associated with this higher con- 
centration would be reduced by about 45%. 

With this knowledge of how the rollback assumptions 
determine the estimated risk reduction from tightening the 
standard, one can observe that a large majority of the health 
effects reduaions that EPA has assessed for lightening the 
ozone standard will be attributable to quite large propor- 
tional reductions in ozone in hours when ozone is actually 
quite low (e.g., almost 90% of the 2004 monitored 8-h aver- 
age ozone concentrations were less than 50 ppb). 

It should be noted here that EPA doe.s not actually com- 
pute any benefits for changes in ozone below a value that 
it calls “Policy Relevant Background," even though it does 
perform the rollback over all values a.s shown in Figure 7. 
The assumption about policy relevant background adds 
another very important component of uncertainty to EPA’s 


risk estimates and is discussed later. How'ever, regardless of 
the assumption about Policy Relevant Background, it should 
be apparent that the assumptions made for using a record 
of observed ozone concentrations to estimate the pattern 
of concentrations that would occur under an alternative 
standard can have an extremely significant impact on the 
benefits that EPA estimates for such alternative standards. 
To iUusirate tliis uncertainty furtlier, imagine that an attain- 
ment strategy is found that would significantly reduce only 
the extremely high ozone peaks, such as the highest 5% of 
the 8-h peak values. 

This strategy w’ould also allow the alternative standard 
to be met. If such a strategy w'ere to he implemented, then 
the only part of the black line in Figure 7 that would shift as 
a result of attaining the lighter standard would be the very 
top segment that lies in the vertical range from 95% to 1 00%. 
The rest of the green line in the range from 0% lo 93% would 
lie directly over the black line. Thus, all of the estimates of 
risk reductions in the low-er 95% of tlie distribution would 
be eliminated. As a result, estimates of the risk reductions 
that the alternative standard would provide would be much 
.smaller than EPA has estimated using its assumed quadratic 
rollback formula. This example is not intended to imply that 
such an extreme “peak shaving" strategy can be expected in 
most cases; it is only offered to highlight just how strongly the 
FiPA risk estimates dependon the particularrollhackassump- 
lions that it chooses. There is just as much uncertainty in the 
estimates of risk associated with different poSvSible ruilback 
assumptions (all of which would be consistent with attain- 
ing alternative NAAQS standards) as tliere is uncertainty in 
the shape and level of the exposure-response curve. This 
rollback assumption uncertainty is rarely discussed and 
deserves much more scrutiny in policy deliberations. 

Uncertainty associated with EPA's assumption on "Policy 
Relevant Background" 

A third categor)' of uncertainty in the results of EPA's risk 
assessment for ozone relates to a seemingly innocuous 
assumption in its risk assessment calculation. EPA calcu- 
lates and reports risks that are attributable to ozone above 
the Policy Relevant Background (PRB). The determination 
of what PUB actually is, however, is cxlrotnely difficult. 
Importantly, uncertainty and debate about the correct PRB 
value is the single most critical source of uncertainty in the 
current set of EPA ozone risk estimates. EPA has changed its 
estimate of PRB since the last ozone review cycle. In 1997, 
EPA assumed that PRB was 40 ppb throughout the ozone 
season. In the current review cycle, EPA has estimated PRB 
for each city using GEOS-CIIEM. The new PRB estimates, 
which vary temporally and by city, are substantially lower 
than 40 pph. For example, the maximum hourly value of PRB 
that EPA now uses for Detroit is 27 pph, and the seasonal 
average value over all the hours is only 21 ppb, or approxi- 
mately half of what it assumedforits 1997 analysis. 

EPA changed its PRB assumption with relatively little 
discussion, but EPA's current estimates of mortality health 
benefits from tightening the NAAQvS depend almost entirely 
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on this seemingly minor change of assumption about PRB. 
For example, EPA estimates 24 premature deaths per year In 
Detroit due to the extent to which its 2004 ("current") ozone 
concentrations exceed PRB. However, if EPA had used 40 
ppb as the PRB assumption, as it did in 1997, it would have 
estimated less than O.i premature deaths per year. (A similar 
degree of sensitivity applies to risk estimates in the other 
cities in EPA's risk analysis.) 'Ihe change in the estimate has 
nothing to do with uncertainty in the ambient concentra- 
tion-response relationship, but only because EPA changed 
this single policy judgment in its risk assessment formula. 

It is beyond the scope of this review to determine what the 
most appropriate assumption for PRB would he; however, 
the technical and policy debate on what ought to be consid- 
ered a ‘‘policy-relevant” minimum— -or the concentrations 
below which NAAQS policy conld not be expected to have 
any impact— continues to include levels of 40 pph and even 
higher. Hie fact that key health risks associated with ozone 
(i.e., mortality and hospital admissions) may fall to effec- 
tively zero for PRB assumptions within this range of uncer- 
tainty rellects a critical source of uncertainty that should be 
highlighted and not hidden in the communication of risk 
analysis results. What this really implies is that the sensitivity 
to the PRB assumption merits further explanation. It more 
fundamentally reveals that almost all of the health effects 
that arc reported in KPA's risk assessment are attribuiable to 
assumed rollbacks in the lower and middle portions of the 
seasonal distribution of ozone levels. When considering the 
heath effects that EPA claims could he avoided hy applying 
tighter standards to peak levels of ozone, some individuals 
logically conclude that those benefits would he due to reduc- 
tions in exposures to the peak levels of ozone. The sensitivity 
analysis shows, however, that extremely few of the estimated 
ozone health impacts are associated widt days that have 
ozone concentrations above tlie current standard. Tims, for 
the benefits that EPA’s Risk Assessment reports to occur, one 
must accept two strong but unsubstantiated assumptions 
that are inherent in EPA's risk asscsssment methodology: (1) 
one must accept that EPA's rollback assumption that ozone 
concentrations vrili be reduced substantially even on moder- 
ate and low ozone days as a result of a standard whose form 
addresses only the peak days; and (2) one must accept EPA's 
assumption that the relative risks estimated for higher levels 
of ozone apply in equal degree to changes in exposure to very 
low levels of ozone. 

Tlie foregoing discussion indicates that KPA should com- 
municate more than just its quantitative estimates of health 
effects. It should also clearly identify the concentrations of 
ozone that account for the bulk of those estimates and the 
assumptions about the ty^ies of changes in those concentra- 
tions that EPA is assuming when it calculates its estimates of 
the health effects benefits of tightening the current NAAQS. 

Need for integrated uncertainty analysis 
The difficulties with the way assumptions about PRB affect 
EPA's risk estimates arc just one aspect of a high degree of 
uncertainty about the magnitude of EPA's risk estimates. In 
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the case of the PRB assumption, almost all of the possible 
alternative assumptions would lead to very much lower risk 
estimates. Tliis implies tiiat the uncertainty is not symmetric 
in both directions around EPA's estimate, hut with a system- 
atic bias toward overestimation in EPA's estimates. There are 
many other important areas of uncertainty in EPA's risk esti- 
mates that are also not properly presented or integrated into 
the analysis, and tliis fact is another serious concern with 
EPA’s Risk Assessment method. 

EPA separates its risk calculations into "primaiy'' and 
“secondary" risk estimates. Only the primary risk estimates 
are carried forw'ard into the summary tables of the Staff 
Paper and other materials likely to be read by the policy 
community at large, or presented to decision makers such 
as the Administrator. The primary estimates arc calculated 
using a relative risk coefficient estimated based on a single 
regression formulation in a single epidemiological study. 
EPA sometimes reports “confidence bounds” or "uncertainty 
intervals" for these primary estimates, but these ranges are 
based solely on the standard error of that single relative risk 
coefficient estimate. In other words, EPA presents a measure 
of variability as if it were a measure of uncertainty. This may 
be misleading, especially to a nontechnical audience that 
may not lake the time to learn all of the details of EPA'.s analy- 
sis methods. Tims, it is quite possible that some individuals 
will believe that these ranges are a reasonably complete rep- 
resentation of the uncertainties about the level of risk. Given 
that some of these ranges are very wide (in many cases falling 
into the negative numbers), it would be quite understand- 
able if some individuals were to think these ranges present 
a comprehensive view of uncertainty, but they do not even 
start to do so. 

As an earlier part of this article has explained, variability 
is only one very small part of the issue. Uncertainty is what 
we do not know at ail, and which the available data cannot 
inform. The key uncertainties that EPA does not include 
in any of the risk estimate ranges that it provides include 
(1) Model selection bias caused by (a) the fact that authors 
report only one or two of their statistical estimates, and evi- 
dence indicates that what is left on the cutting room floor 
is often of smaller magnitude or less statistical significance; 
(b) publication bias, wherein studies that find health effects 
associations are more likely to be published than those that 
fail to find an effect; (c) EPA’s selection of a single paper on 
which to base its risk estimate; (d) EPA's selection of a single 
regression from that paper even if the paper reports several. 
In the case of (d), EPA's pattern has been to select a risk esti- 
mate that is the largest and/or most significant from a paper, 
regardless of the qualityofthe controls tliat have been applied 
to obtain that particular result. For example, EPA uses only 
risk coefficients from one-pollutant formulations even if a 
paper contains a two-pollutant formulation. This practice 
creates a "missing variable bias" that leads to overstatement 
of the risk; (2) Model uncertainty caused hy issues such as (a) 
uncertainty on how to properly control for die confounding 
effects of time and weather patterns when making statisti- 
cal estimates of air pollution associations with health; (b) 



417 


32 B. O. McClellan el al. 

what the shape of the exposure-response function is given 
that the risk coefficients are estimated using blunt and noisy 
ambient concentration-response data; and (3) Causality. 
Even if a positive risk estimate results from many studies, 
there is still the question of whether any of those associa- 
tions are evidence of a truly causal effect with ozone such 
that if ozone were reduced then the health effects that are 
correlated with ozone will also be reduced. The entire risk 
assessment starts with a presumption that there is a causal 
effect, hut that does not mean that this is no longer a part 
of the overall uncertainty in the estimated effects. This is a 
particularlyserious problem for risk estimates that are based 
entirely on epidemiological evidence rather than clinical 
evidence, which includes all of the mortality and hospitali- 
zation estimates for ozone. 

Some, but not all. of the above sources of uncertainty 
are explored in EPA’s "secondary" risk analyses, which are 
essentially a large volume of impenetrable sensitivity analy- 
ses placed in technical support documents and their appen- 
dices. The important thing, however, is not to "do" .such 
sensitivity analyses, but rather to use sensitivity analyses 
to identify key sources of uncertainty and then to integrate 
these uncertainties into a single probability distribution over 
the final, surnmar}' risk estimate. The NRC review of EPA’s 
risk analysis methodology (NRC, 2002) strongly advised that 
EPA provide primary risk estimates that are founded on such 
an integrated uncertainty analysis. The ozone risk assess- 
ment reflects no such change in approach. Hiis stajids as a 
significant flaw in the credibility of the resulting estimates 
and their appropriateness as information to support policy 
decisions. 

Just the listing of the key sources of uncertainty provided 
above suggests that their preponderant effect is to create an 
upward bias in EPA's risk estimates. Even when leaving aside 
the uncertainty about causality, analyses produced by other 
researchers have demonstrated that when an integrated 
uncertainty analysis is performed, the large majority of prob- 
ability in the estlmate.s falls far below the primary estimates 
that EPA reports. 

Summary 

This paper summarizes critical considerations in evaluating 
scientific evidence on the health effects of ambient ozone 
that informed the EPA Administrator’s judgment in revising 
the National Ambient Air Quality Standard from 0.08 ppm to 
0.075 ppm with an 8-h averaging lime. It is our opinion that 
these issues will also dominate the next review of the ozone 
health standard that has just been initiated. 

Ozone in ambient air is produced by complex chemical 
processes from precursors, hydrocarbons, and nitrogen 
oxides emitted from both natural and man-made sources. 
Ambient ozone concentrations are also influenced by light- 
ning and periodic intrusions of stratospheric ozone into 
the troposphere. Ambient ozone concentrations vary by 
time of day, season, and location across the country, 'fhe 
specific concentrations found at a given location are due 


to multiple factor.s, including the concentrations of precur- 
sors and other chemicals in the air originating from both 
biogenic and anthropogenic origins, intensity of solar radia- 
tion, temperature and meteorological conditions, both near 
the monitoring site and at upwind locations that influence 
the formation, degradation, and transport of ozone. Since 
promulgation of the original NAAQS in 1971, initially with 
a 1-h averaging time and since 1997 with an 8-h averaging 
time, most cities in the United Slates have made remarkable 
progress in substantially reducing ambient concentrations 
of ozone and other criteria pollutants by controlling man- 
made sources. On average across the United States, the 8-h 
maximum ozone concentrations have decreased by 21% and 
the 1-h maximum ozone concentrations have decreased by 
29%. As ambient concentrations of ozone decline, the frac- 
tion of remaining ozone associated with precursor-s that are 
man-made U.S. emissions, the only part that U.S. policy can 
control, is reduced, 'fhis makes further reductions in ambi- 
ent ozone a challenge in many areas of the United States. 

To describe background levels of ozone for making policy 
judgments on the setting of the NAAQS for ozone, EPA has 
defined the "Policy Relevant Background" (PRB) as the ozone 
concentrations drat would be observed in the United States 
in the absence of anthropogenic emissions of precursors 
(e.g., VOC, NOj, and CO) in the United Slates, Canada, and 
Mexico. 'Ihe GEOS-CHEM model used to estimate PRB has 
both low temporal and spatial resolution. Spatial resolution 
is based on a 2-degree by 2.5-degree grid, which is equal to 
138 miles by 173 miles or 24.000 square miles, an area about 
half the size of the Commonwealth of Pennsylvania. This 
low resolution raises serious que.siions as to the relevance of 
modeled concentrations to actual concentrations of ambi- 
ent ozone for specific regulated communities. Assumptions 
made about the Policy Relevant Background have important 
implications for interpreting the risk assessment for ozone 
and the extent to which the standard can be attained hy 
control of U.S. man-made emissions. The Panel is of the 
opinion that there are alternative approaches to describ- 
ing background ozone concentrations when making policy 
judgments on the NAAQS for ozone. 

Data on the potential health effects of exposure to ambi- 
ent levels of ozone that should inform policy judgments on 
the NAAQS are from five types of studies: human clinical 
studies, three ldnd,s of epidemiological studies, and toxi- 
cological studies. The interpretations of these studies are a 
matter of debate. 

Ihe human clinical studies conducted with controlled 
ozone exposures of exercising human volunteers provide 
useful information on changes in respiratory function. Tliere 
is clear evidence of temporary functional changes after pro- 
tracted exposure to ozone at concentrations of 0.08 ppin and 
higher. EPA’s reanalysis of data from a single clinical study of 
30 volunteers suggests that prolonged exposure to 0.06 ppm 
causes small changes in lung function in some exercising 
individuals. Some scientists disagree with the EPA’s rean- 
alysis and its interpretation. Although these findings have 
not been confirmed or replicated, the responses to 0.06 ppm 
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ozone in that study are consistent with the presence of an 
exposure-response curve with responses that do not end 
abruptly below 0.08 ppm. Ihe uncertainty that necessarily 
surrounds a secondary analysis and the integration of results 
from a single stndy in one laboratoiy'^ with 0.06 ppm ozone 
exposures and results obtained in studies at higher concen- 
trations by other investigatois requires that further research 
he conducted to clarify the issue. For example, a double- 
blinded randomized study with the same subjects exposed 
to multiple ozone concentrations in the 0.04-0,09-ppm 
range, with appropriate air controls, would aid in reducing 
the uncertainty in exposure-response relationships below 
0.08 ppm ozone. 

Major long-term epidemiological studies have not 
show'n an association between ozone exposure and long- 
term mortality. These same studies, which compare the life 
expectancies of groups of people living in areas with differ- 
ent long-term average pollutant concentrations, provided 
key evidence of an association between pariicnlate matter 
and long-term mortality for setting the particulate matter 
standard. 

Time-series analyses consider the association between 
daily fluctuations in ambient ozone concentrations and 
day-to-day death rates within a particular city or other 
locale. Tliese analyses have yielded variable results. 
StatisticallysigniRcant positive associations between ozone 
and mortality have been observed in a small minority of 
the single-city analyses, with no statistically significant 
associations observed In most cities, even though some 
of the studies investigated time periods that extended to 
several decades ago when ozone levels were much higher 
than they are today. The National Morbidity and Mortality 
Air Pollution Study used a Bayesian hierarchical analysis, 
which is supposed to combine information across cities in 
an optimal way, to analyze data from nearly 100 cities. The 
combined analysis of all cities did find a small statistically 
significant positive association berw'een ozone exposure 
and mortality. However, only six of the cities showed a 
statistically significant association between ozone expo- 
sure and mortality. The heterogeneity of the individual 
ciiy-speciFic results across the United States suggests that 
a single national ozone concentration-mortality coefficient 
is not appropriate and its use should be questioned. Time- 
series analyses have also been performed to examine the 
relationship between ozone exposure and hospital admis- 
.sions. However, in contrast to the mortality studies, there 
have been very few new studies since 1997. Those that have 
been done imply stronger associations with other pollut- 
ants than with ozone. In the near term, it will be important 
to conduct updated time-series studies tJiat extend to more 
recent times and, thus, include periods of improved air 
quality. These studies will be most useful when at lea.st one 
of die ozone metrics evaluated is the current 8-h averaging 
time used in the ozone standard. 

Panel studies typically measure specific health outcomes 
repeatedly for a defined group of people for short periods 
of time and assess bow these outcomes are associated with 
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repeated measures of an ambient air pollution mixture that 
contains ozone. Two studies in which personal exposure 
to ozone was more accurately assessed than in other panel 
studies observed associations between low concenurations 
of ambient ozone and temporary decrements in lung func- 
tion in individuals engaging in strenuou,s activities (i.e., 
agricultural field workers and mountain hikers). Although 
associations between ambient ozone concentration and 
asthma status outcomes have been observed in some, but 
not other panel studies, less precise exposure assessment 
makes it more difficult to ascribe the effects to ozone with 
certainty. Such ozone exposure-asthma outcome relation- 
ships are, however, biologically plausible, as demonstrated 
at higher concentrations in controlled studies. The iiicinsion 
of an 8-h averaging time ozone metric in future studies will 
aid in interpreting the results in setting future ozone stand- 
ards that use this metric. 

An enlarging body of toxicological data from human and 
laboratory animal studies provides a basis for hy'pothesiz 
ing how ozone may cause biological changes with relatively 
high, short-term exposures in excess of the current NAAQS. 
Quantitative models do not exist for extrapolation of these 
short-term obseivations to lower ozone concentrations 
typical of ambient levels currently observed across the 
U.S. Lifetime studies with rats and mice exposed 6h/day, 
5 days/ week to 0. 0.12, 0.5, or 1.0 ppm ozone revealed no 
difference in life span and only modest effects on body 
weight associated with ozone exposure. The ozone exposure 
had little or no measurable effect on pulmonary function. 
Histopathological changes were observed in the nasal and 
lung tissues of both rats and mice at the two highest ozone 
exposure levels. There were no ozone-related increases in 
the incidence of neoplasms in eitlier speciCvS. Species differ- 
ences in the disposition of inhaled ozone and in responses 
to inhaled toxicants require caution in quantitative extrapo- 
lation of these findings to humans. 

During the Workshop discussions, major questions were 
raised concerning the conduct and reporting of the lisk 
assessment used by die EPA to inform policy' judgments in 
proposing the ozone NAAQS. A principal concern was that 
the risk assessment failed to integrate the key uncertainties 
in estimating the health rislcs of current ambient ozone and 
levels estimated to occur with alternative .standards. The 
National Research Council pre\dously recommended to the 
EPA that it integrate key uncertainties in assessing health 
risks of air pollutants into a single probability distribution 
when reporting final summary health risk estimates. The 
calculated health risks, and estimated reductions in risk for 
alternative standards, are highly dependent on the numer- 
ous assumptions used. When risk estimates are known to 
be highly sensitive to selection of a particular parameter, 
such as the Policy Relevant Background, then alternative 
assumptions should be included in the analysis and a range 
of uncertainty presented. Consideration of alternative 
approaches to defining Policy Relevant Background will, of 
necessity, extend to revision and re-interpretation of the risk 
assessment for ozone. 
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Another issue in the most recent risk assessment was its 
focus on ozone concentration-response functions using24-h 
ozone concentrations. Only a very fewofthe exposure-excess 
risk coefficients used in the risk assessment were based on 
8-h ozone concentrations, the averaging time of the ozone 
NAAQvS since 1997. Thus, the calculated excess risk ascribed 
to the ozone concentrations measured in 2002, 2003, and 
2004 were of uncertain relevance in setting a NAAQS with 
an 8-h averaging time. This is the case because the rela- 
tionship between ambient ozone concentration-response 
coefficients for the three ozone metrics (1-h maximum, 8-h 
maximum, and daily average) is variable over time for any 
given city and among cities. 

Future risk assessment can also be improved with regard 
to the manner in which the health risk findings are commu- 
nicated. The recent risk assessment did not communicate 
how much of the estimated excess health risks was due to 
exposures that were on days where the peak 8-h average was 
below the standard of 84 ppb .set in 1997. Moreover, it did 
not communicate that only a small fraction of the risk reduc- 
tions dial EPA estimates would ensue from a tighter NAAQS 
is due to changes in the peak ozone concentrations that are 
the public health concern. Analyses reproducing EPA's risk 
estimates revealed that a substantial share of the estimated 
change in health effects when tightening the standard from 
84 ppb to a NAAQS in the range of 64-74 ppb wa^s due to EPA's 
assumption that ozone would change on low-concentration 
days (e.g., those with peaks of 60 ppb and lower) to yet 
lower levels that would be unlikely under alternative Policy 
Relevant Background assumptions. 

It is widely known that the science on ozone in ambient 
air and its health effects is extraordinarily complex. In this 
paper, we have touched upon key scientific issues that are 
crucial to the policy judgments that must be made in setting 
the NAAQS for ozone. In the preceding sections, we have 
examined much of the .science behind these issues in the 
hope that they will broaden and expand the public discus- 
sion around the science undergirding the NAAQS for ozone. 
We hope tliat our review will stimulate further discussion 
of these scientific issues, conduct of additional research, 
and conduct of new analyses that will provide an improved 
.scientific basis for the policy judgments that will have to be 
made by future HPA Administrators in considering revision 
of the ozone standard. 
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Abstract 

Time-series studies that use daily mortality and ambient ozone concentrations exhibit estimates of ozone effects 
that are variable across cities. We investigate this intercity variability, as well as the sensitivity of the ozone- 
mortality associations to modeling assumptions and choice of daily ozone metric, based on reanalysis of data 
from the National Morbidity, Mortality and Air Pollution Study (NMMAPS). Previous work from NMMAPS reported 
a statistically significant association between ambient 24-h ozone and short-term mortality when averaged 
across 98 U.S. cities. Separation of ozone health associations from effects due to weather and co-poliutants is cen- 
tra! to their interpretation. We examined the sensitivity of city-specific ozone-mortality estimates to adjustments 
for confounders and effect modifi^’S. showing substantial sensitivity. We examined ozone-mortality associations 
in different concentration ranges, finding a larger incremental effect in higher ranges, but also larger uncertainty. 
Alternative ozone exposure metrics defined by maximum 8-h averages or 1-h maxima show different ozone- 
mortality associations that cannot be explained by simple scaling relationships. The emphasis in earlier studies 
based on NMMAPS has been on the reporting of "national" effects, together with prediction intervals that sug- 
gest that these national values are precisely estimated. Our view is that ozone-mortality associations, based on 
time-series epidemiologic analyses of daily data from multiple cities, reveal still-unexplained inconsistencies and 
show sensitivity to modeling choices and data selection that contribute to serious uncertainties when epide- 
miological results are used to discern the nature and magnitude of possible ozone-mortality relationships or are 
applied to risk assessment. 

Keywords: Confounding, Effect modifiers, Exposure-response re/ofionsh/p, Muiti-city time series, NMMAPS, Ozone 
metric, Regional and spatial variability 


Introduction 

The purpose of this paper is to reexamine the evidence of 
an association between ambient ozone and nonaccidenral 
all-cause mortality, based in particular on a series of papers 
by Bell and co-authors chat used the NMMAPS database. 
NMMAPS refers to the National Morbidity, Mortality and Air 
Pollution Study, in which daily data on mortality, meteorol- 
ogy, and various air pollutants were collected for approxi- 
mately 100 U.S. cities. Bell et al. (2004) calculated estimates 
for the ozone-mortality coefficient in each city after adju.st- 
ing for meteorology, seasons, long-term trends, and a day of 
week effect. The re.su!ts were highly variable from city to city, 
showing both positive and negative as.sociation.s, hut after a 
second-stage analysis that combined the results for 95 cities, 
they claimed a strong overall positive association. Bell et al. 


(2006) extended this to allowfor the possibility of a nonlinear 
exposure-response association, claiming in particular that 
the effects of ozone and mortality persist down to quite low 
levels of ozone. Bell et al. (2007) developed and reinforced 
the argument first made in Bell ct al. (2004), that tliere is no 
significant confounding effect due to particulate matter. Bell 
and Dominici (2008) noted that there is substantial regional 
and spatial variation in the ozone-mortality coefiicient, but 
claimed that a large part of this could be explained in term.s 
ofeffects modifiers, in which variationofihe ozone-moriaiity' 
coefficient from city to city is correlated with socioeconomic 
or other environmental variables measured for each city. 
These papers have been highly influential; for instance, they 
were extensively cited in the documentation supporting the 
2008 decision of the U.S. Environmental Protection Agency 
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(EPA) to revise the ozone standard, and more recently in a 
National Research Council (NRC) report on the possible 
benefits of reducing ambient ozone {NRC 2008). 

in this paper, we reexamine all of tliese issues with par- 
ticular attention to the question of sensitiwty to alternative 
analyses. We look extensively at alternative treatments of 
meteorology and co-pollutants, showing that there are con- 
founding and effect modifier relationships that have been 
understated or overlooked in previous studies. We also look 
at the dependence among different ozone metrics — those 
based on a 24-h average, on the daily maximum 8-h aver- 
age, and on the daily maximum 1-h value. Most of the work 
by Bell and coauthors used 24-h average ozone, but the 
current EPA standard u.ses the daily maximum 8-h average, 
which itself superseded an earlier standard based on the 1-h 
maximum. We argue that conversion between these metrics 
using standardized ratios is potentially misleading. We pro- 
\fde evidence of regional and spatial variability, and argue 
that explanations in terms of effect modifiers, as in Bell and 
Dominici (2008), are at best only part of the answer— how- 
ever, we provide a new interpretation of the possible effect 
of air conditioning, noted by them as well as by Levy et al. 
(2005). We also look closely at the evidence for a nonlinear 
exposure-response association. 

Data and statistical methods 

The principal data source for our analysis is the NMMAPS 
database, available publicly at http:y/www.ihapss.jhsph.edu. 
We have used dally mortality counts for 1987-2000, exclud- 
ing accidental deaths, and subdivided them into three age 
categories (<65, 65-74, 75 and over) for 98 cities. Ihe 97 cities 
(excepting Honolulu) that are in the mainland United .States 
are classified into seven regions (Industrial Midwest. North 
Ea.st, North West, Southern California, South East, South 
West, Upper Midwest) using a classification that has been 
used in numerous NMMAPS reports (see, e.g., Samel et al. 
2000b, page 8). Other variables that are part of the dataset 
and have been used in the present study are daily tempera- 
ture, dewpoint, particulate maner of aerodynamic diameter 
equal to or le.ss than 10 microns (PM,p) or 2.5 microns (PM, .), 
and both hourly and daily values for ozone, in most cases 
vwth no detrending and using ordinary rather than trimmed 
means for combining results across monitor!?, '’fhese vari- 
ables were used in computing ozone-mortality coefficieuls 
for each city under a variety of statistical models. Because, 
in many cities, ozone data arc only available for summer 
months (April through October), we computed ozone-mor- 
tality coefficients that are restricted to those months, as well 
as those using all available data (henceforth called all-year 
estimates). 

In addition to the above, our analysis considered numer- 
ous variables, defined at the city level, that are used later in 
the paper for an effects modifier study. Hiese include 77 "dty 
census" variables that are pari of the NMMAPS database. 
Although some are duplicates and not all are suitable for 
use as demographic covariates, the majority are indicators 


of population distribution, housing, educational level, race, 
income, etc. !n many cases we have standardized the census 
data to proportions rather than counts, for example, racial 
variables have been expressed as proportions of total popu- 
lation. The database includes indicators of the numbers of 
age 65+ residents (subdivided into owners and renters) who 
last moved during different time periods. These have been 
consolidated into the proportion of all age 65+ residents who 
have moved since 1995, and similar proportions for age 65-r 
owners and for age 65+ renters. We also included sue "envi- 
ronment’’ variables, also constructed from the NMMAPS 
database: mean overall values for each city of ozone (sum- 
mer only, to ensure comparahility' among means for differ- 
ent cities), PM,p and PM, 5, sulfur dioxide (SO,), daily mean 
temperature (average of daily maximum and daily mini- 
mum), and dewpoint. 

We independently constructed a table of air conditioning 
use by city. Bell and Dominici (2008) noted that such data 
are included in two sources of the American Housing Suiv'ey 
(AHS 2006): a "metropolitan" survey, which is an extensive 
surveyor selected metropolitan areas conducted every 4 or 6 
years, and a "national’’ suiv'ey that comprises at least 55,000 
bouses every 2 years, that are widely scattered across the 
United States. However, the metropolitan survey covers only 
about half the NMMAPS cities, which in preliminary analy- 
ses proved inadequate to demonstrate a clear-cut associa- 
tion widi the city-specific ozone-mortality coefficients. We 
therefore used national .survey estimates from 1997, 1999, 
2001, 2003, and 2005, collating reported air-conditioning use 
with location defined by .standard metropolitan statistical 
area (SMSA). Two particular variables were compiled, one 
an indicator of central air condition and the other of win- 
dow air conditioners. Bell and Dominici (2008) combined 
the two into “all AC," but also considered "central AC” as a 
separate variable: they did not consider "window AC" as we 
do here. Average AC use was computed across all available 
years for each NMMAPS city, weighted by the number of 
available survey results in each year. By this method we were 
able to compute air conditioning use statistics for 79 of the 
98 NMMAPS cities. It should be noted that the time period 
covered by the AC surveys is not the same as that of the 
NMMAPS data, but the interyear correlations were high (.96 
to .99 for central AC; .82 to .93 for window AC) so it seems 
likely that AC use during 1 997-2005 is also a good proxy for 
AC use during the earlier time period of the NMMAPS mor- 
tality data. 

This paper uses a wide variety of statistical nrethods. Most 
analyses used the R statistical package (R Development 
Core Team 2007). The initial analysis follows the method 
described by Bell et al. (2004). It is a two-stage analysis 
where the first stage is a Poisson regression allowing for 
overdispersion, with mortality (subdivided into three age 
groups) as the response variable. We allowed for meteorol- 
ogy by defining covariates, temperarure and dewpoint on 
the current day (lag 0), plus two additional variables rep- 
resenting averages of temperature and dewpoint over lags 
1-3, each adjusted for the current day's temperature and 
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dewpoint (these values are included in the NMMAPS data- 
base based on a calculation originally described by Curriero 
et ai. [2002]). For reference in future discussion, we call this 
the NMMAPS meteorology model. The meteorological 
variables were modeled nonlinearly using natural splinCvS, 
typically with 6 degrees of freedom for temperature and 
3 degrees of freedom for dewpoint, the same as Bell et at 
(2004). Long-term trends were also modeled nonlinearly, 
through natural splines wirh 7 degrees of freedom per year, 
and an interaction for the three age gronps where we used 
the public R code cited by Bell el at (2004). Day of week was 
also included as a covariate. Finally we included ozone ini- 
tially through 24-h averages, but with various combinations 
of lags. Ozone may be represented as a .single day's value 
at lag 0, 1, or 2, or as the average of lags 0 and 1 (we call 
this the 0-1 model), or through the "constrained distributed 
lag" model of Bell et at (2004). In the latter, ozone is repre- 
sented through the value at lag 0, the average of lags 1, 2, 
and the average of lags 3, 4, 5, 6, each with its own regres- 
sion coefficient, and the sum of the three coefficients taken 
as Che "ozone effect.” in practice, this is rewritten so that one 
coefficient represents the overall effect and the other two as 
conuasts, allowing us to estimate a single “ozone-mortality 
coefficient" and its standard error for each city. An alterna- 
tive i.s the "unconstrained distributed lag” model in which 
each of lags 0 through 6 gels a separate regression coeffi- 
cient; Dell et at (2004) prefer the constrained version but we 
have found that there is very little difference between the 
constrained and unconstrained distributed lag models. We 
have also considered analyses based on 8-h or 1-h ozone, 
where the raw data are hourly values from NMMAPS, and 
we have defined S-h ozone as the maximum of the average 
of 8 consecutive hourly values in any 24-h period, and 1-h 
ozone as the largest of the hourly values on a given day. In 
computing 8-h ozone, we have followed the 75% rule (also 
used by FPA): 75% of the hourly values in any 8-h period are 
needed for the 8-h average to be counted, and 75% of the 
8-h averages within a 24-h period are needed for the daily 
maximum 8-h average to be counted. AU days not meeting 
these criteria are flagged as missing values. In analyses ihat 
also include PMjj, or SO.^, we have used the 24-h average at 
lag 1, because in earlier NMMAPS analyses (Dominici et al. 
2003) tilts was found to be the most significant lag for both 
PMj^, and SO^. 

We considered two alternatives to ibe NMMAPS meteor- 
ology’ model. One i.s a simple replacement of the adjusted 
lagged temperature and dewpoint variables by the unad- 
justed 3-day means of temperature and dewpoint over lags 
1-3. The second is what we call the "extended" meteorol- 
ogy model. This is a distributed lag model for meteorology, 
usingseparale temperature and dewpointvaluesfor each of 
lags 0 through 6, each modeled nonlinearly through natu- 
ral splines of respectively 4 and 3 degrees of freedom. The 
rationale behind this mode! is that, if the ozone effect is to 
he represented by a distributed lag model, then for compa- 
rability purposes, meteorology should he represented in a 
similar way. 


Ozone and short-term rnorlality 39 

These variables were included in an overdispersed 
Poisson regression model, also known as a generalized lin- 
ear model (GLM), and fitted using the "gim" function in R. 
The result of these analyses was an estimate, together with 
its standard error, of the ozone-mortality coefficient in each 
city, expressed in percent rise in mortality per lOppb rise in 
ozone. 

The second phase of the statistical analysis is based on 
the random effects model: 

( 1 ) 

( 2 ) 

where 0 is the true coefficient in city c, is the estimate 
from stage I, s is the standard error from stage 1, and N 
denotes normal distributions (approximate in the ca.se of 
(2), because the distiiburion of a GLM estimate is known to 
be approximately normal). Fquations (1) and (2) describe a 
two-level normal model where the objective is to estimate 
the hyperparameters n and to obtain posterior dlstrihu- 
tions for the fl . A convenient method for doing this is the 
Bayesian algorithm llnise that was developed by Everson 
and Morris (2000) and is available as a downloadable pack- 
age for R, written by Dr. Roger Peng from the earlier S-Plus 
code of Everson. However, we have also used a restricted 
maximum likelihood (REML) approach that is described in 
Appendix 1 and produces very similar results. 

For rea.sons described in more detail later, we do not 
accept that p. is the most appropriate parameter to define 
a "national mean." An alternative approach is to take the 
weighted average of the city-based estimates across all 
cities, using weights proportional to the population in each 
city. That is natural, because risk as.sessmenis in effect try 
to estimate the total population at risk, so the contribution 
to the total risk from a given city should be proportional to 
the population of that city. Mathematically, we formulate 
this as predicting where the weight is proportional 
to the population of city c. The optimal predictor when 
is known is Yiwjr/is^ + t^)) + + -ri)), where 

M-fIfy(s^^+T-)l/[i;i/(s/+'ri)lisiheweighie.dleastsquaresesti- 
mator of ji., and the corresponding mean squared prediction 
error + t-)) + + T-))vi(s^“’ + t^). 

In the case where t-’ is unknown, we use the output from 
Unise to develop a Monte Carlo sample from the po-sterior 
disuibution. These formulas are applied to each member 
of the Monte Carlo sample to derive the mean and variance 
of the posterior distribution. An outline derivation of these 
formulas is given in Appendix 2. 

A major sensitivity issue i.s whether any other air poi- 
lutant could be confounding the ozone effect. Bell et al. 
(2004) claimed that for the NMMAPS dataset, PM,,, is not a 
significant confounder for ozone. Bell et al. (2007) extended 
that claim to cover also daily PM.,,^, and gave several other 
analyses. To the best of our knowledge, this question has not 
been examined with respect to other possible co-pollutanls, 
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though Franklin and Schwartz (2008) showed a 35% reduc- 
tion in the ozone-mortality coefficient when sulfate particles 
were included in the model, based on a different and sub- 
stantially stnaller dataset. 

There are several difficulties in making this comparison 
for the NMMAPS dataset. Ideally we would preferto usePM^ ^ 
(fine particulates), as this is the variable used for the main 
El’A standard for particulate matter. However, as pointed out 
hy Bell et al. (2007), within the NMMAPS dataset, data for 
are PM^ . veiy limited. For the present study, we use PM^^ on 
grounds of data availability, though bearing in mind that an 
observed association with PM,j, may in fact be due to 
or any other component of PM,p, such as sulfate particles. 
Even then, there is a difficulty, because in most cities, PM,p 
has been measured only once every 6 days, as required by 
KPA regulations that were in force at the time the data were 
collected. Therefore, the only realistic analysis is to repeat 
the foregoing ozone-only analysis, but restricted to days 
on which PM^^^ is also available, and then to run the same 
analysis with both ozone and PM„^ as pollutants. Note that 
this methodology does not permit a distributed lag model 
for PM||^, because such a model requires daily data, so we 
have taken PM,^ at lag 1, which has been found in previous 
studies (e.g., Dominici et al. 2003) to be the single-day lag of 
PMjo that has the .strongest association with mortality. The 
data deficiency also has an implication for the effects them- 
selves, that it is much harder to detect statistically significant 
associations based on such a reduced dataset. 

Apart from the possibility that meteorology or co-pollut- 
ants may act as confounders, there is the somewhat different 
question of whether they may he effect modifiers. For exam- 
ple, ks the effect of ozone on mortality at high temperatures 
the same as at low temperatures? In this context, we are 
considering within-cUy effect modifiers, where we examiue 
the influence of the potential effect modifier first within 
each city, only then combining the city estimates into an 
overall population-weighted average. This is different from 
using hetween-city effect modifiers to explain the variation 
in ozone-mortality coefficients from city to city, as was done 
in Bell and Dominici (2008) and is discussed fiirtlier below. 

For temperature, the analysis is as follows. The "con- 
strained distrihutedlag” model actually contains three ozone 
variables, the mean over lags 0- 6 and two other variables 
representing differences in means over subsets of lags 0-6. 
If these three variables are wrinen x^, x^, x.,, then we replace 
them bysixvariables,x,u;, x,{l -w),x^w,xji\ -w),x^w,xj^\ 
- w], where w is an indicator variable, 1 if the current day's 
temperature is greater than the median temperature for that 
city, 0 otherwise. We also include w itself as a covariate in 
the regression. Note that the median temperature is differ- 
ent for each city, and in cases where summer-only data are 
used, the median is also computed for summer-only data. 
The regression coefficients associated with the first two 
variables, x^w and Xj{l - u^), represent the overall ozone- 
mortality effects above and below the temperature median. 
These coefficients are then combined across cities using a 
population-weighted average. Similar analyses have been 


performed for two other potential effect modifiers, 
and SOj- We considered SO,, because Franklin and Schwartz 
(2008) showed that sulfate particles may be a confounder 
of the ozone effect. Sulfate particles do not form pari of the 
NMMAPS dataset, but it is possible that gaseous SO^ may be 
a proxy for sulfate particles, or that SO, may independently 
have an effect on mortality. Simultaneous measurements of 
ozone and SO, are available in 81 of the 90 NMMAPS cities, 
so the analysis is confined to (hose cities. 

In some of our analyses, we also use a more general ver- 
sion of the random effects model, replacing Equation (1) by 

0^-Ar’[x/p,T'|, (3) 

in which x^ denotes a vector of covariate.s in city c and p is 
some vector of regression coefficients (Equation (2) remains 
the same). This can also be fitted using tlnise. The main 
application we have made of this is for regional analyses, 
in which x^ represents an indicator vector for region (e.g., if 
city c lies in the^h region out of m regions, is a vector of 
dimension m consisting of 1 in the jth component and 0 in 
all other components) and the components of P are means 
for each region. When combined with a uniform prior on p 
we call this the "regional prior" model, to distinguish it from 
the “national prior” in Equation (1). 

A more general mode! still replaces the regression func- 
tion x^'‘p by a smooth function of latitude and longitude. In 
the present paper, this has been implemented by treating die 
smooth function as a sample from a continuous-parameter 
Gaussian stochastic process; the resulting cstimatlon/inier- 
polaiion algorithm is similar to the geostaiistics procedure 
known as kriging. 

Appendix 3 contains mathematical details of this 
method. 

For hetween-city effect modifier analyses, we could 
again proceed with a Bayesian analysis ba.sed on (3), where 
the covariates x^ include the effect modifier. For the results 
presented here, we have used a non-Bayesian analysis treat- 
ing each city coefficient a.s a random effect whose mean is 
a linear function of the effect modifier and whose variance 
is T^ estimated hy REML using the method described in 
Appendix 1. This method is equivalent to the mixed effects 
meia-regressUm described by Bell and Dominici (2008). 
One advantage of the REML approach in this context is 
that it is very easy and quick to develop a test for statistical 
significance of the effect modifier, based on the estimated 
regression coefficient and its standard error; whereas the 
corresponding Bayesian test, although well defined, requires 
integrating over a Monte Carlo .sample and is therefore less 
convenient to implement. 

Results 

Tlie first step was to reproduce the main result of Bell et al. 
(2004), which used 24-h ozone in a "constrained distributed 
lag" model, with adjustments for daily mean temperature 
and dewpoint, lagged values of temperature and dewpoint 



426 


Ozone and short-term mortality 4 1 


OZONE-MORTALiTY COEFFICIENTS AND 95% Pis 24-HOUR OZONE - BELL (2004) MODEL 



Figure 1. Ninety-five percent posterior intervals for the ozone-mortality coefficients, all -year data, by the hierarchical Bayesian method as in Figure 2 of 
Bell et al. (2004). The Bayesian posterior estimates under the "national prior" (cirdes) are shou’n alongside those for the "regional prior" (squares) and 
the raw maximum likelihood estimates (triangles). 
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(days 1-3) adjusted for current day, plus long-term trends 
and a day of week effect. 'Ihe second stage of the analysis 
used a Bayesian hierarchical model based on (1) and (2) 
("national prior," same as Bell's analysis). Because theR code 
to perform the individual city analyses is available on the 
NMMAPS Web site, w'e followed that code to reproduce the 
Bell result exactly in this case. Ihe resulting posterior esti- 
mates and 95% prediction intervals are shown in Figure 1, 
which corresponds to Figure 2 of Bell et al. (2004). 'the units 
of all estimates are percent change in mortality a.ssociated 
with a 10 ppb rise in ozone. Also plotted on Figure 1 are the 
raw maximum likelihood estimates and the posterior means 
under an alternative "regional prior” based on Equation (3). 
fbie raw estimates are shown to make the point that there is 
already a great deal of reduction in variance in passing from 
the raw to the posterior estimates, even before computing the 
national average estimate (p and its 95% prediction interval) 
at the bottom of die plot, llie estimates are, however, sen- 
sitive to the prior distribution, as is clear from the fact that 
for many cities the posterior mean under the regional prior 
is near one of die endpoints of the 95% prediction interval 
computed under the national prior. 

The posterior mean of p (in this instance, 0.52, with a 
posterior standard deviation of 0.12) has generally been 
interpreted as a national estimate of the ozone-mortality 
coefficient, and in many publications, this has been quoted 
as if it were a truly representative effect. However, it is far 
from dear what it represents. In this case the population- 
weighted mean of the raw estimates is 0.62, different from 
The posterior mean of p. We could also consider the mean 
of raw estimates weighted by reciprocal of squared standard 
error (the classical statistical rule for combining estimates), 
which in diis instance is 0.61, but this also does not corre- 
spond to p. The last two estimates should in most cases be 
very similar, because the variance of the parameter estimate 
should be proportional to the reciprocal of population. 
However, the estimated p is closer to Che unweighted mean 
of the raw estimates, which is 0..50. 

The Bayesian analysis of the population-weighted 
mean leads to a posterior mean of 0.62, with a posterior 
standard deviation of 0.10. Further detailed results, for this 
and a number of other analyses to be described later, are 
in Table 1. 

Confounding and effect modification 
Next, we consider the sensitivity of these estimates to alter- 
native treatments of meteorology, or to co-pollutants. The 
"extended meteorology" models in Table loften lead to 
lower estimates of the overall ozone-mortality coefficient, 
especially for all-year estimate.s, which suggests that they 
are more efficient at dealing with the confounding effect of 
temperature. In most cases, the difference in the national 
or population- weighted average point estimates is less than 
10%, which is not of very great practical .significance. Later 
in the paper, we include the extended meteorology model 
in some of the individual-city comparisons, to make a more 
specific comparison between the two. 


For the national-average effect (p), we find a posterior 
mean ozone-moilality coefficient of 0.40 (posterior stand- 
ard deviation 0.23) when fitted to days on which lag-1 PMjj, is 
available but not included in the model, and posterior mean 
0.31 (0.23) when the same analysis is repealed including 
PM,„ as a co-pollutant. Similar results for the population- 
weighted average and for summer-only data are included in 
Table 1, using both the NMMAPS and extended meteorology 
models. It is difficult to evaluate the statistical significance of 
these results in view of the large posterior standard devia- 
tions (a consequence of the 6-day sampling), hut in most 
cases, the ozone-mortality coefficient is reduced by between 
22% and 33% as a result of including PM,„ as a co-pollulant. 

Further evidence of this PM,q confounding effect is in 
Figure 2. The top plot here shows the raw estimates for the 
ozone-mortality coefficient computed with PM^^, plotted 
against those without PM,p. Tliere is no visual evidence 
of any effect due to PM,^, tliough in fact 56 of the 93 esti- 
mates (60%) are below the diagonal straight line. Tfiis plot 
shows the same estimates a.s Figure 3 of Bel! el al. (2004). 
However, the bottom plot shows the same comparison 
made with the Bayesian posterior estimates. In this case, it 
is clear that nearly all (89 out of 93) the individual-city coef- 
ficients arc smaller for the model with PM^, than the model 
without PMjg. The mo.st likely explanation why the propor- 
tion increases so dramatically is that both sets of posterior 
estimates (with and without PM) arc based on "shrinking 
towards the mean" (i.e., p in the notation of Equation (1)) 
but the mean itself is lower in the with-PM analysis (.314) 
than in the without-PM analysis (.400). The emphasis that 
Bell et al. (2004) and other authors have given to using 
the Bayesian hierarchical model to reduce the variability 
of coeHlcients would suggest that the bottom plot is more 
meaningful and appropriate. 

We nextdiscus.s results for the "wilhin-cityeffectmodifier'' 
analyses; see Table 2, where we have also included results 
for 8-h and 1-h ozone, as considered later in the paper. For 
all three ozone metrics, temperature is not an effect modifier 
in the all-year analyses, but for the summer analy.ses, it is. In 
other words, during the summer months, the mortality effect 
of ozone is statistically significant only when Temperature is 
above the median. We find that SO, is a siaiLstically signifi- 
cant effect modifier in the all-year data based on 24-h ozone 
(the ozone-mortality effect higher at high SO,), but not for 
vSummer-only data. Moreover, the statistical significance of 
the all-year result does not extend to the 8-h and 1-h ozone 
metrics. Overall, the evidence that SO^ is an effect modifier 
does not seem strong. We also looked for evidence that SO^ 
is a confounding variable, but concluded that it was not. 

The result for PM,^ is perhaps the most surprising, given 
the data sparseness issue already discussed, and the incon- 
dush'ercsu!tsoverwhetherPM|^isaconfoundcr.Foral! three 
ozone metrics and both all-year and summer-only data, the 
ozone-mortality effect is statistically significant only when 
PM,g is above the median. In other words, although there is 
ambiguous evidence whether PM,q Is a confounder, it clearly 
Ls an effect modifier. 
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Table 1 . Summan' ofniainhicfarchical model resuits- 


Ozone 

LaKS 

Met 

PM,. 


Original tlnise 



Pop. -weighted Average 


Ali-vr 

RMSE 

Summ 

RMSE 

All-VT 

RMSE 

Summ 

RMSE 

24-hr 

CDL 

NMMAPS 

No 

0.522 

0.124 

0.404 

0.133 

0.618 

0.096 

0.459 

0,107 

24-hr 

CDL 

Ext 

No 

0.478 

0.129 

0.406 

0.143 

0.560 

0.105 

0.472 

0.117 

24-hr 

CDL 

NMMAPS 

Pan 

0.400 

0.231 

0.367 

0.257 

0.479 

0.192 

0.400 

0.216 

24hr 

CDL 

NMMAPS 

Yes 

0.314 

0.230 

0.265 

0.261 

0.360 

0.193 

0.267 

0.223 

24-hr 

CDL 

Ext 

Part 

0.37D 

0.248 

0.376 

0.281 

0.434 

0.212 

0.410 

0.240 

24-hr 

CDL 

Ext 

Yes 

0.279 

0.253 

0.268 

0.293 

0.310 

0,215 

0-275 

0.249 

8 hr 

CDL 

NMMAPS 

No 

0.411 

0.080 

0.323 

0.084 

0.466 

0.063 

0-361 

0,069 

fl-hr 

CDL 

Ext 

No 

0.402 

0.082 

0.366 

0.091 

0.438 

0.069 

0.405 

0.076 

8-hr 

CDL 

NMMAPS 

Part 

0.383 

O.ISO 

0.325 

0.162 

0.416 

0-125 

0.353 

0-138 

8- hr 

CDL 

NMMAPS 

Yes 

0.292 

0.153 

0.258 

0.168 

0.314 

0.129 

0,208 

0.145 

8-hr 

CDL 

Ext 

Part 

0.311 

0.165 

0.313 

0.180 

0.337 

0.140 

0.342 

0-154 

8-hr 

CDL 

Ext 

Yes 

0.212 

0.171 

0.244 

0.190 

0.227 

0.144 

0,269 

0.163 

l-hr 

CDL 

NMMAPS 

No 

0-292 

0.054 

0.239 

0.057 

0.299 

0.043 

0.250 

0.047 

1-hr 

CDL 

Ext 

No 

0.260 

0.051 

0.236 

0.059 

0.266 

0.045 

0-249 

0.030 

l-hr 

CDL 

NMMAPS 

Part 

0.2% 

0.098 

0.259 

0.108 

0.299 

0.083 

0.266 

0.092 

l-hr 

CDL 

NMMAPS 

Yes 

0.213 

0.102 

0.200 

0.U2 

0.213 

0.086 

0.206 

0.097 

l-hr 

CDL 

Ext 

Part 

0.257 

0.105 

0.244 

0.116 

0.261 

0.091 

0.250 

0.100 

l-hr 

CDL 

Ext 

Yes 

0.170 

0.112 

0.183 

0.125 

0.172 

0.095 

0.192 

0.107 

8 hr 

0-1 

NMMAPS 

No 

0.234 

0.053 

0.242 

0.057 

0.260 

0.041 

0-265 

0.045 

8hr 

0-1 

Ext 

No 

0.244 

0.050 

0.250 

0.054 

0.256 

0,043 

0,261 

0.047 

8-hr 

0-1 

NMMAPS 

Part 

0.266 

0.092 

0.268 

O.lOl 

0.270 

0,080 

0.275 

0.009 

8-hr 

0-1 

NMMAPS 

Yes 

0.196 

0.09B 

0.190 

O.lll 

0.191 

0.084 

0.190 

0.096 


Note. First four columns indicate ozone metric (24-h, 8-h, l-h); lag structure (CDL = constrained distributed lag model; 0-1 r: average of lags 0 and 1); 
meteorology {NMMAPS or extended) and whether PM, ^ was included (“No" means PM,^, not included; "Pan" means analysis with ozone only but only 
calculated for days where PM, „ was also available; "Yes" means PM,„ was included as a co-pollutatit. For each combinarion of ozone, meteorology and 
PM , we tabulate the all-year TLNKSE estimate ({i) and its root mean squared error (RMSE): the summer TLNISE estimate and its RMSE; the all-year 
population-weighted average estimate and its RMSE; and the summer population-weighted average estimate and its RMSE. All estimates in units of 
percentage rise in mortality per 1 0 ppb rise in the relevant metric of ozone. 

Ozone metrics 

We examined whether results calculated using 24-h aver- 
aged ozone remain essentially unchanged when repeated 
using either the daily maximum 0-h average or the daily 
maximum l-h value. 

Figure 3 (top plot) shows posterior mean estimates by 
city, under the national prior, plotted against each other 
based on die 24-h and 0-h ozone metrics. Tlie bottom plot 
shows the same thing comparing the l-h and 8-h metrics. 

Corresponding plots were drawn for the raw' estimates but 
are not shown here because the overall appearance was 
similar. These calculations show a correlation of the order 
of 0.7-0.a between city-specific estimates under the differ- 
ent metrics, regardless of whether raw or posterior mean 
estimates are used. This is a moderately high correlation, hut 
it also shows that the correspondence between the differ- 
ent metrics is by no means perfect. Summary results for 8-h 
and l-h ozone are included in Table 1, based on percent rise 
in mortality per 10 ppb rise in ozone in the corresponding 
ozone metric. 

The question naturally arises of how to express 

ozone-monalityresuLitsforthedifferentraeiricsonacommon 

scale so that they are directly comparable. Bell et al. (2004) 
provided results for the percent rise in mortality per 15 ppb 
rise in 8-h ozone or per 20 ppb rise in 1 -h ozone (compared 
with 10 ppb for 24-h ozone), implying without stating directly 
that this made the estimates roughly comparable. 


This is not an easy question to resolve. One possible 
solution is to rescale the ozone-mortality coefficients pro- 
portionally to the overall mean ozone level in the re.spective 
metrics. This would imply, for example, that we multiply the 
24-h ozone-mortality coefficient hy 0.646 to convert it to a 
scale comparable to the 8-h ozone-mortality coefficient. 
Here. 0.646 is the ratio, aggregated over all NMMAPS ci ties, of 
the mean level of 24-h ozone to the mean level of 8-h ozone. 
By comparison, Bell et al. used an implied ratio of 0.667 
(= 10/ 15). However, the value ofO.646 is by no means constant 
over cities; individual-city estimates of the same ratio vary 
from 0.515 to 0.801. The issue is similar for die comparison 
between I-h and 8-h ozone estimates: the overall averages 
of l-h and 8-h ozone lead to a factor of 1.31 for converting 
l-h ozone-mortality coefficient to corresponding 8-h values. 
However, the ratio for individual cities varies from 1.08 to 
2.05. Bell et ai. used an implied ratio of 1.33 (= 20/1 5). Ratios 
for summer-only ozone are almost the same (0.640 and 1.30 
respectively to convert 24-h and l-h ozone-mortality coef- 
ficients to their 8-h equivalents). 

Using the factors 0.646, i, 1.31 to convert results for all 
tliree ozone metrics into an equivalent based on 8-h ozone, 
the 24-h, 8-h, and l-h results for all-year data translate into 
posterior means of0.40 (standard deviation 0.06), 0.47 (0.06), 
and 0.39 (0.06). 'Ihe corresponding results for summer only 
are 0.30 (0.07), 0.36 (0.07), and 0.33 (0.06). These results sup- 
port the notion that of the three metrics, 8-h ozone leads to 
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Raw Estimates 




Posterior Estimates: 24-hour vs. 8-hour 



8-hour 

Posterior Estimates: 1-hour vs. 8-hour 



8-hour 


Figure 2. Plot of estimates including PM,,, against those without Top plot: 
based on rawe-stimates {this Is the same as Figure 3 of Bell 2004). Bottom 
plot: based on posterior estimates. The posterior estimates are nearly all 
below the diagonal -straight line, indicating that the PM-adJusted ozone 
coefficient is closer to 0 than the unadjusted ozone coefficient 

the strongest association with mortality, but subject to the 
heavy caveat that they are based on conversion factors that 
are highly variable over cities. 

Figures 4 and 5 respectively show the individual-city esti- 
mates (raw estimates, posterior means under the national 
prior, and posterior means nnder the regional prior) for 
the associations of 8-h and 1-h ozone with mortality. Also 
shown are 9v'j% prediction intervals under the national 
prior. Comparing these wirh Figure 1, there i.s in fact greater 
homogeneity in the national-prior posterior means than is 
the case for 24-h ozone. Ihis might be considered another 
argument for using 8 h or 1-h ozone in preference to 
24-h ozone. However, plotting the raw and regional-prior 
estimates on the same graph also highlights that the raw 
estimates are still much more variable than the posterior 
estimates, and that the regional-prior posterior means are 
in many cases substantially different from those based on 
the national prior. Thus, the broad issues about sensitivity 
of the ozone-mortality associations to alternative specifica- 
tions of the statistical model are not resolved by switching 
to 8-h or 1-h ozone. 

The analyses of co-pollutants as confounders or 
within-ciiy effect modifiers were also repealed under 8-h or 
1-h ozone, with results given in Tables 1 and 2 (no conver- 
sion factors were used in computing those tables). 


Figure 3. Scatterpiots of posterior estimates corresponding to 24-h, 8-h, 
and 1-h ozone. 

Regional and spatial variability 
Earlier studies of the PM,„'mortality effect based on the 
NMMAPS data, such as those of Dominici et al. (2002, 200.3), 
emphasized the variability of the effect across regions, which 
might be interpretable as due to different constituents of par- 
ticulate matter. In the case of ozone, as far as we know, the 
possibility of a regional effect was not discussed anywhere 
before the paper of Bell and Dominici (2008). However, there 
is in fact a very strong regional effect, as seen in Table 3, where 
we pre.sent posterior means and standard deviations for p. 
and the population-weighted averages for the serpen regions 
of the continental United .States, using all three ozone met- 
rics, for both all-year and summer data. Table 2 of Bell and 
Dominici (2008) shows a .similar effect based on posterior 
means of the hyperparameters, using only 24-h ozone and 
all-year data. For 24-h ozone, the table shows a very clear 
statistically significant effect in the Industrial Midwest and 
(especially) North East regions, and a smaller effect from the 
South East (which appears to be primarily due to the results 
of Houston and Dallas/Fort Worth, which are part of the 
Soutli East in this classification). The remaining regions do 
not show a statistically significant effect The patterns based 
on 8-h and 1-h ozone are broadly similar. 

A natural question is whether the differences among 
regions are statistically significant. For all six analyses (three 
ozone metrics, all-year and summer-only), we performed 
a likelihood-ratio test of the null h^^pothesis that the seven 
region means are the same, using a standard chi-squaie 
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OZONE-MORTALITY COEFFICIENTS AND 95% Pis 8-HOUR OZONE 



% rise mort per 10 ppb 8-hr 03 


Figure 4. Ninety-five percent posterior intervals for the ozone-mortality coefficients, based on 8-h ozone, ali-year data. The Bayesian posterior esti- 
mates under the "national prior" (circles) are shown alongside those for the "regional prior" (squares) and the raw maximum likelihood estimates 
(triangles). 
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OZONE-MORTALITY COEFFICIENTS AND 95% Pis 1-HOUR OZONE 



Figure 5. Ninety-five percent posterior intervals for the ozone-mortality coeffidems, based on 1-h ozone, all-year data. The Bayesian posterior esti- 
mates under the “national prior" (circles) are shown alongside those for the “regional prior" (squares) and the raw roaximum likelihood estimates 
(triangles). 
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Table 2. Within-city effect modifier resiUts. 


Description 


TLNISE 



Pop. -weighted Av'erage 


All-vr 

RMSE 

Summ 

RMSE 

AU-vr 

RM.SE 

Summ 

RMSE 

24-hour ozone, below temp, median 

0.-449 

0.162 

0.02 

0.163 

0.53! 

0.136 

-0,019 

0.144 

24-hour ozone, above temp, median 

0.582 

0.138 

0.581 

0.162 

0.6.55 

0,106 

0.699 

0.126 

B-hour ozone, below' temp, median 

0.478 

0.120 

0.151 

0.109 

0.509 

0.099 

0,130 

0.099 

8-hour ozone, above temp, median 

0.378 

0.090 

0.357 

0.105 

0.435 

0.069 

0.433 

0,080 

1-hour ozone, bclowtcmp. median 

0.360 

0.094 

0.149 

0.083 

0,3.52 

0.074 

0-129 

0,070 

1 -hour ozone, above temp, median 

0.278 

0.062 

0.264 

0.072 

0.289 

0.048 

0,296 

0.054 

24-hour ozone, below S02 median 

0.509 

0.154 

0.353 

0.177 

0.605 

0.iI9 

0,392 

0.141 

24 hour ozone, above S02 median 

0-726 

0-163 

0.527 

0.179 

0.807 

0.119 

0.570 

0.138 

8-hoor ozone, belowS02 median 

0.406 

0.098 

0.314 

0.111 

0.446 

0.078 

0.330 

0.091 

8-hour ozone, above S02 median 

0-493 

0-103 

0.391 

0.115 

0.543 

0.076 

0.436 

0.008 

I -hour ozone, below .S02 median 

0,230 

0.064 

0.186 

0.080 

0.236 

0.052 

0.188 

0-062 

!-hour ozone, above S02 median 

0,323 

0.071 

0.273 

0.074 

0.326 

0.053 

0.282 

0-0,59 

24-hour ozone, below PMIO median 

-0.020 

0.293 

-0.111 

0.318 

0.100 

0,235 

0.072 

0.273 

24-hour ozone, above. PMIO median 

0.569 

0.228 

0.564 

0.275 

0.603 

0.200 

0.5Q1 

0.242 

8-bour ozone, below PMIO median 

0.070 

0.206 

-0.004 

0.243 

0.163 

0.160 

0.068 

0.188 

8-hour ozone, above PMIO median 

0.271 

0.139 

0.382 

0.205 

0.234 

0.117 

0.367 

0,173 

1 -hour ozone, below PMIO median 

0.077 

0.135 

-0.018 

0.165 

0.U2 

0.109 

0.021 

0.128 

1 -hour ozone, above PMIO median 

0.332 

0,105 

0.350 

0.119 

0.324 

0.089 

0.347 

0.104 


Note. For each of three ozone metrics (24-h, B-h, i-h) and each of three potential effect modifiers {temperature, SO^,, wc show the estimated 

ozone-mortality relationsliips in a mode! that allows for separate linear ozone effects when the potential effect modifier is below or above its median, 
within a single overall regression model that includes adjustments due to temperature, dewpoint, seasonal and day of week effects, and long- term 
trends. Tabulated are point estimates {posterior means) and root mean squared errors, for all-year and summer-only data, using both the traditional 
TLNISE model and the alternative population-weighted average. 

Tables. Regional estimates. 


TLNISE Ppp.-wcighled Average 


Region 

Ozone 

AJl-yr 

RMSE 

Summ 

RMSE 

AJl-yr 

RMSE 

Somm 

RMSE 

Indostrial Midwest 

24-hour 

0.755 

0.263 

0.816 

0.232 

0.682 

0.279 

0,723 

0.253 

North Hast 

24-hour 

1.507 

0.268 

1.669 

0.216 

1.289 

0.294 

1.450 

0.246 

North West 

24- hour 

0.071 

0.413 

0.05B 

0.394 

0.240 

0.487 

0.218 

0,471 

Southern California 

24-hour 

0.198 

0.301 

0.153 

0.235 

-0.339 

0.325 

•0,348 

0.259 

South East 

24-hour 

0.405 

0.199 

0.482 

0.174 

0.284 

0.216 

0,340 

0.194 

South West 

24-hour 

-0.05.1 

0.356 

0.002 

0.333 

-0.044 

0.393 

0,017 

0.371 

Upper Midwest 

24-hour 

■0.039 

0.485 

•0.036 

0.463 

0,088 

0.556 

O.lOO 

0.538 

Indusiriai Midwest 

8-hour 

0.630 

0.17.3 

0.666 

0.158 

0.522 

0.I8I 

0.541 

0.169 

North East 

8-hour 

1,001 

0.183 

1.075 

0.151 

0.881 

0.199 

0.973 

0.167 

North W'est 

8-hour 

0.12G 

0.276 

0.120 

0.266 

0.224 

0.309 

0.214 

0.301 

Southern Califoniia 

8-hoiir 

0,243 

0.177 

0.2,32 

0.132 

0.017 

0.191 

0.024 

0.148 

South East 

8-.hour 

0.335 

0.126 

0.373 

0.112 

0.242 

0.135 

0.267 

0.122 

South West 

8-hour 

0.170 

0.249 

0.176 

0.240 

-0.044 

0.274 

-0.045 

0.267 

Upper Midwest 

8-hour 

-0.238 

0.361 

-0.209 

0.354 

0.112 

0.408 

0,141 

0.402 

Industrial Midwest 

l-hour 

0.419 

0.128 

0.424 

0.122 

0.349 

0.136 

0.350 

0.129 

North Ea.st 

1-hour 

0,664 

0.124 

0.674 

0.108 

0.585 

0.137 

0.614 

0,118 

Northwest 

l-hour 

0.370 

0.180 

0.362 

0.178 

0.304 

0.199 

0.299 

0,197 

Southern Caiifomia 

l-hour 

0.103 

0.090 

0.095 

0.065 

0.065 

0.102 

0.057 

0.074 

South East 

J-hour 

0,25,3 

0.087 

0.259 

0.082 

0.199 

0.096 

0,209 

0.089 

Soutli West 

l-hour 

0.046 

0.181 

0.044 

0.179 

-0.026 

0.204 

-0.02,5 

0.201 

Upper Midwest 

l-hour 

0.155 

0.287 

0.166 

0.285 

0.261 

0,328 

0.283 

0.326 


Similar to Table 1, except that results are subdivided into each of seven regions oflhe United States. All results for controlled distributed lag model with 
NM.MAPS meteorology and without PM,,,. 


approximation to the distribution of the test statistic. The 
null hypothesis was rejected in every case, with p values 
from 0.017 down to 0.0015. 

We can extend this calculation to the construction of 
spatial maps of the ozone-mortality coefficient. The meth- 
odology, which is described in more detail in Appendix 3, 
is an extension of the hierarchical model represented by 


Equations (1) and (2) to allow for spatial autocorrelation 
among the city-specific random effects, 'fhe technique is 
similar to kriging, which is a well-known method for spa- 
tial interpolation (Cressie 1993; Stein 1999) but allowing 
for the standard errors of the estimated random effects 
from the initial GLM part of the analysis. It is necessary to 
choose a parametric form of spatial correlation function, 
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for which the metiiod was to fit several possible models by 
the method of restricted maximum likelihood estimation 
(RKML), choosing the best model as the one that gave the 
largest restricted likelihood. By this approach, we selected 
the Gaussian correlation function, p := exp{-(D/ft)-), where 
D is the distance (in kilometers) between two locations and 
R is a spatial parameter known as the range. In tins kind of 
analysis, it is ty^)ically rather difficult to pin down R precisely 
and this is reflected in the wide range of eslimales over the 
six datasets, and their wide confidence interval.s;seeTable4. 
Some variants on the analysis included adding a nugget 
parameter to the variance, and accounting for anisotropy 
hy using a linear transformation of the coordinate space in 
defining D (in the literature on spatial statistics this is called 


Table 4. Range parameters for the Gaussian spatial covariance functions 
used in drawing the spaiial maps, together with 95% confidence 
intervals. 


Moticl 

Estimated Range (km.) 

95% Confidence 
Interval 

24-hour ozone, all year 

327 

(114,938) 

24 hour ozone, summer 

1394 

(378.3134) 

3-hour ozone, all year 

427 

(103, 1769) 

8-hour ozone, summer 

1387 

(450, 4270) 

1 -hour ozone, all year 

1084 

(323, 3633) 

l-hour ozone, summer 

1234 

(376, 4250) 


Estimates and standard errors were calculated on a logarithmic scale 
using the method of restricted maximum likelihood; confidence inter\'als 
were also calculated on a logarithmic scale and transformed back to the 
original scale for the results presented here. 


geometric anisotropy). Neither of these variants resulted in 
statistically significant changes in the model. 

Figure 6 shows maps constructed based on all three 
ozone metrics for all-year data, and for the 8-h metric using 
summer data. (’Ihe other two cases, 24-h and i-h ozone 
and summer data, were also drawm but are not shown here, 
because they are similar to the maps shown.) 

In drawing these maps, it was considered desirable to use 
a common color scale. To ensure comparability between dif- 
ferent ozone metrics, the interpolated ozone-mortality coef- 
ficients for 24-h and l-h ozone were converted to an equiva- 
lent scale to those for 8-h ozone, using the factors 0.646 and 
1.31 derived previously. As noted earlier, we do not believe 
any single conversion factor is adequate to compare differ- 
ent metrics, but these seem the most suitable values for the 
present purpose. 

These maps reinforce the existence of a strong spatial 
effect. In all four maps, the ozone-mortality coefficient is 
highest in the region around New York, with other high 
spots around Chicago, throughout die Indirstrial Midwest, 
and down to eastern Texa.s. Other parts of the countr>', .such 
as California, Florida, etc., seem to have very low ozone- 
mortality coefficients. 

The regional analysis was also calculated for the wiihin- 
city effect modifier results. We noted earlier that temperature 
is a statistically significant effect modifier for the summer- 
only data. If this effect is examined regionally, we find that 
it is actually significant only in the North East and Industrial 
Midwest regions. For PM,„, also, there appears to be a 



Flgvire 6. Map of spatially dependent ozone-inortaliry coeffident for 8-h ozone (all-year data), 8-h ozone {summer data). 24-h ozone {all-year data), 
and I-h ozone (all-year data). (See colour version oflhis figure onUneat\vww.informahealthcarc.com/iht). 
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regional effect, the evidence that is a significant effect 
modifier beitig strongest in the North East. In other calcula- 
tions involving PM,^ or SO., as an effect modifier, there did 
not appear to be a regional effect. 

Betiveen-city ejfect modifiers 

Bell and Dominici (2008) sougltt to explain spatial variabil- 
ity among the ozone-mortality coefficients by constructing 
regression relationships involving numerous covariates 
defined at the city or community level. Tliey called these cov- 
ariaies effect modifiers; we add tire qualifier "belween-cit/’ to 
emphasize that this is a differed analysis from thewithin-dty 
effect modifiers considered earlier, though some of the vari- 
ables are the same. In their study, they found tliat high unem- 
ployment, die proportion of Blacks or African Americans, use 
of public transportation, lower mean temperatures, and low 
usage of central air conditioning were all associated with a 
higher ozone-mortality coefficient. In a similar though not 
identical context, Krewski et al. (2000) referred to “ecological 
covariates" in describing factors that could influence city- 
wide standardized mortality rates in a large prospective study 
u.sing data from the American Cancer Society. 

We have applied a similar analysis based on variables 
of a demographic or socio-economic nature, and various 
"environment” variables, as well as air-conditioning (AC) 
data. At the suggestion of a reviewer, latitude and longitude 
were also included as possible effect modifiers in this com- 
parison. Results are summarized in Table .S. Of particular 
concern to u.s is the robustness of effect modifier analyses 
across different versions of the ozone-mortality relationship 
that correspond to the three ozone metrics and all-year and 
summer-only analyses. Hrerefore, we have ordered the can- 
didate effect modifiers according to the largest (least signifi- 
cant) p value across all six analyses. 'Ihe first 10 rows in Table 
5 list all the variables that were significant at level 0.05 under 
all six analyses. 
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In processing the AC data, Bel! and Dominici considered 
two measures: “central AC” and "any AC." Bell and Dominici 
found a statistically significant effect for central AC {p value 
0.02) but not for any AC. We have preferred, instead, to treat 
the proportion of houses with window AC units as a sepa- 
rate variable. In fact, this tinns out to be much more highly 
significant (and with a positive sign, i.e.. increased use of 
window AC corresponds to an increased ozone-mortality 
coefficient). In all six analyses, the result for window AC is 
significant with a p value of <0.001. 

Of the other variables that arc statistically significant for till 
six ozone measures, four are related to changing residence: 
they show that communities w’here a high proportion of 
residents have moved since 1995 are associated witli a lower 
ozone-mortality coefficient. The two variables "proportion 
drive to work" and "proportion public transport to work” are 
most likely complementary measures ofair pollution exposure 
during commuting and tliis is reflected in the similar p values 
and opposite signs of the effects. We also note that latitude 
and longitude are statistically significant effea modifiers in 
most analyses, implying a geographic effect (the ozone-mor- 
tality coefficient increases as we move further north or east), 
though not as strongly significant as the variables related to 
AC, change of residence or transportation. Finally we see tw’o 
"environmental” variables that are significant: mean tempera- 
ture and the mean level of SO^. It should be noted that other air 
pollution related citywide variables, such as the mean level of 
ozone, PM,g or PMj are not significant under this analysis. 

Bell and Dominici (2008) gave particular attention to 
two variables, the proportion of blacks and the propor- 
tion unemployed, reporting that each wa.s .significant with 
p value about 0.03. For coinpari.son purposes, the.se vari- 
ables are also included in Table 5. Our result for 24-h ozone, 
all-year analysis confirms the statistical significance of these 
two variables, but other analy.ses do not corroborate this 
conclusion. Therefore, the relationship between the ozone- 


'hible 5. Summary rgsohs for berween-dty effect modifiers, 


Variable 

24- hour 

24-hoiir 

6-hout 

B-hour 

1-hour 

1-hour 

AY 

Summ 

AY 

Summ 

AY 

Summ 

WindowAC 

3.5 

3.2 

2.1 

2.1 

1.1 

1.1 

SE 

0.7 

0.8 

0.5 

0.5 

0.3 

0,3 

p- value 

0.00001 

O.OOOl 

0.00002 

0.00003 

0.0006 

0.0003 


0.22 

0.17 

0.21 

0.20 

0.34 

0.16 

Proportion an different house in 1995 

-5.9 

-6.0 

3.7 

-4.1 

•2,7 

-2.5 

SP. 

1.7 

1.9 

l.l 

1.2 

0,8 

0.8 

p- value 

0.0008 

0.0018 

0.0014 

0.0004 

0.0005 

0.0024 

W 

0.11 

0.10 

0.10 

0.11 

0,12 

0-09 

Proportion 65+ moved since 1995 

-7.0 

-7.7 

-4.0 

-5.3 

-3.2 

-3.0 

SE 

2.0 

2.3 

1.4 

1.5 

0.9 

1.0 

p- value 

0.0009 

0.0009 

0.0047 

0.0004 

0,0006 

0.0028 

R= 

0.11 

O.ll 

0.08 

0.12 

0.12 

0.09 

Proportion public transport to work 

3.5 

3.0 

1.8 

1.8 

1.0 

1.1 

SE 

0.9 

1.0 

0.6 

0.5 

0.4 

0.3 

p- value 

0.0001 

0.0039 

0.0017 

0.0016 

0.0049 

0.0018 

R- 

o.u 

0.08 

0.10 

0.10 

0.08 

0.10 


Tabie 5. continued on next page 
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Variable 

24-hour 

24-hour 

8-hour 

8-hour 

1-hour 

1-hour 

AY 

Summ 

AY 

Sumrn 

AY 

Summ 

Proportion renters 6.S+ moved .since 1995 

-4.5 

-4.1 

-2.3 

-2.3 

-1.4 

-1-2 

SE 

l.l 

1.2 

0.7 

0.7 

0.4 

0.4 

p- value 

0.00005 

O.OOOB 

0.0013 

0.0010 

0.0023 

0.0068 

R- 

0.16 

O.Il 

0.10 

0.11 

0.09 

0.07 

Mean S02 

0.115 

O.lOl 

0.062 

0.056 

0.049 

0.042 

SE 

0.032 

0.035 

0.021 

0.021 

O.OIl 

0,012 

p- value 

0.0007 

0.006 

0.004 

0.0 10 

0.00004 

0.001 

R= 

0.14 

0.09 

0.10 

0.08 

0,19 

0-12 

Proportion drive to work 

-2.9 

-2.4 

-1.5 

-1,4 

-0.9 

-0.8 

SE 

0.8 

0.9 

0.5 

0.5 

0.3 

0.3 

p- v.iliie 

0.0002 

0.006 

0.002 

0.005 

0-006 

0.013 


0.14 

0.08 

0.09 

0.08 

0.08 

0,06 

liititude 

0.046 

0.061 

0.035 

0.045 

0.028 

0.031 

St 

0.021 

0.023 

0.014 

0.015 

0.010 

0,010 

p- value 

0.033 

O.Qll 

0.015 

0.003 

0.005 

0.002 

R- 

0.0.5 

0.07 

0.06 

0.09 

0.08 

0,09 

Proportion owners 63-!- moved since 1995 

-5.5 

•5.7 

-2.8 

-3.8 

-2,4 

-2.1 

SE 

1.9 

2.1 

1.3 

1.4 

0.8 

0.9 

p- value 

0.005 

0.008 

0.036 

0.006 

0-005 

0.022 

R‘ 

0.08 

0.07 

0,04 

0.07 

0.08 

0.0.5 

Mean temperature 

-0.029 

-0.038 

-0.022 

-0.028 

-0.018 

-0.019 

.SE 

0.014 

0.015 

0.009 

0.009 

0,006 

0.006 

p- value 

0.037 

0.012 

0.015 

0.003 

0.004 

0.004 

R" 

0.04 

0.06 

0.06 

0.09 

0.09 

O.OB 

Longitude 

0.014 

0.018 

0.009 

O.DIO 

0.008 

0.007 

SE 

0.007 

0.008 

0.005 

0.005 

0.002 

0.002 

p- value 

0.043 

0.025 

O.OS6 

0.039 

0.001 

0.006 

R" 

0.04 

0.05 

0.04 

0.04 

0.11 

0.08 

Central AC 

•1.2 

-1.1 

•0.9 

-0.8 

-0.6 

-0,4 

SE 

0.5 

0.5 

0.3 

0.3 

0.2 

0.2 

p- value 

0.014 

0.039 

0.004 

0,015 

0.006 

0.080 

R= 

0.08 

0,03 

O.ll 

0.07 

0.09 

0.04 

Proportion black/ African American 

1.5 

1.2 

0.6 

0.6 

o.a 

0.6 

SE 

0.8 

0.8 

0.5 

0.5 

0.3 

0.4 

p- value 

0.04 

0.15 

0.20 

0.23 

0.02 

0.12 


0.04 

0.02 

0.02 

0.01 

0.06 

0,02 

Proportion unemployed 

12.8 

4.H 

5,0 

3.4 

3.1 

2.6 

SE 

5.8 

6.5 

3.7 

4.0 

2.6 

2.7 

p- value 

0.03 

0.46 

0.19 

0,40 

0,23 

0.35 

R" 

0.05 

0.01 

0.02 

0.01 

0.01 

0.01 


Note. For each potential effect modifier, we show the regression coefficient (increase in mortaUty/ozone coefficient per 1-unit rise in effect modifier) 
together with standard error, p value, and IP, in a random effem regression model fitted by the method of restricted maximum likelihood. The effect 
modifiers are ordered acauding to the largest p value (shown in bold) over the six analyses of each effect modifier. 


mortality coefficient and these two ecologiail variables may 
well be spurious. 

Nonlinear exposure-response relationships 
The analyses so far have all been ba.sed on a linear relation- 
ship between the logarithm of the daily mortality rate and 
the level of ozone. However, nonlinear relationships are of 
interest for a variety of reasons. If there were a threshold 
below which there is no relationship between ozone and 
mortality, this would be of obvious relevance in setting a 
standard. Even in the absence of a threshold, if the slope of 
the relationship between log mortality rale and ozone were 
sub.stantially different over different ranges of ozone, this 


could affect calculated estimates of the expected benefit 
associated with a reduction of ozone levels. 

fn this analysis, following Bell, we have used "0-1” ozone 
measure (average of daily ozone at lags 0 and 1), though 
using any of the 24-h, 8-h, and 1-h metrics for computing a 
daily ozone value. This is used in preference to a distributed 
lag model because it is not clear how to implement the latter 
in the case of a nonlinear ozone-mortality association. 

Bell et ai. (2006) looked at nonlinear effects in a variety of 
ways. One approach was the “subset approach”; subset the 
data by restricting to days below a cutoff, and recompute the 
ozone-mortality coefficient. 'Ihey repeated this calculation 
for several cutoffs dowm to 15 pph, showing a statistically 
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significant effect at a!i cutoffs from 30 ppb and higher. It 
should be pointed out that their analysis was still based on 
24-h ozone data, which, as we have seen, do not translate 
directly to an equivalent level for 8-h ozone. 

In Figure 3 of the same paper, Bel! et al. also computed 
a smooth nonlinear exposure-response relationship using 
splines. Their analysis is complicated, requiring fitting a 
multiparametcr spline function for each city, followed by a 
combination across cities. They do not provide full details of 
their methodology and we have not succeeded in reproduc- 
ing their figure. However, below we propose an alternative 
"piecewise linear” approach which has a similar effect. Let 
us first coasider the subset approach. As noted earlier in 
this paper, we prefer to combine data across cities using a 
population-weighted average rather than the posterior dis- 
tribution of the parameter p to represent a national average. 
Bell’s calculation was repeated using this measure, produc- 
ing the figure at the top of Figure 7. This is very similar to 
Bell's Figure 2, and supports Bell’s conclusion that there is 
a statistically significant relationship for all cutoffs above 30 
ppb. The result for 25 ppb shows that (he 95% posterior pre- 
dictive inlerval (PI) just covers 0, which we are interpreting 
here a.s not statistically significant, though it is very close to 
being so. 

The subset analysis shows the effect of ozone at very low 
levels. However, for policy purposes it may he that ozone 
levels at a more moderate level, for example between 40 and 
80 ppb, arc more relevant to risk assessments. Therefore, 
to make a contrast with the sulxset approach, we also con- 
sider a "reversed subset" approach in which the analysis is 
restricted to ozone levels above a cutoff, ratliertban below. 
We have considered cutoffs in the range 15-60 ppb, show- 
ing very little change in the estimates within the range 15-40 
ppb but then greatly increasing variability in the estimates as 
the cutoff gets higher (Figure 7, bottom). 

The piecewise linear approach assumes that the contri- 
bution to log mortality rale due to an ozone level x is of the 
form 

f(A:) = pj.xfor x.'STO, 

40(3 j + (32 (x - 40) for 40 < x < 60, 

40P, +20(3^ •t-P3(x-60)for60:Sx<80 (4) 

In other words, the siope.s are respectively ^3 

the ranges 0-40, 40-60, and 60-80 ppb (in this approach, we 
do not consider ozone levels above 80 ppb). Hie choice of 
break points at 40, 60, and 80 ppb is to some extent arbitrary 
though these also seem natural choices, e.g., 40 ppb cor- 
responds to the background ozone level a.ssumed for EPA's 
1997 ozone review and 80 ppb was until recently the ozone 
standard; 60 i.s chosen simply as midway between 40 and 80. 
All estimates ba,sed on (4) are for the 8-h ozone metric. 

The mode! (4) is estimated first for each city by a direct 
extension of the method used earlier for linear response (all 
the other covariates, including meteorology and long-term 
trend, are kept the same) and then the three slopes Pj, 

P combined across cities using the tlnise software. For each 
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ozone level, we computed a posterior mean and a posterior 
standard deviation for the population-weighted average 
response, and based on dial computed a pointwise 95% 
prediction interval. The results are shown in Table 6 and 
Figure 8, for both the all-year and summer-only estimates. 

Fjccept for the fact that we are plotting a piecewise linear 
rather than a smooth curve, the appearance of these plots 
is quite similar to Figure 3 of Beil et al. (2006). However, 
closer analysis shows that the estimates of the three slopes 
are quite variable, especially p,^. Figure 9 shows separate 
estimates and 95% prediction intervals for p^, P^, both 

nationally and regionally. There is still substantia! regional 

Table 6. Piecewise linear results based on 0-h ozone, controlled 

distributed lag model, NMMAPS meteoroiogy, no PM,n. 

Original tlni.se Pop.-vveighted Average 

Range All-yr RMSE Summ RMSE Ali-yr RMSE Stimm RMSE 

0-40 0.157 0.094 0.128 0.123 0.194 0.081 0.147 0.113 

ppb. 

40-60 0-331 0.107 0.31.3 0.108 0,340 0.0B9 0.327 0.096 

ppb. 

60-80 0.325 0.178 0.369 0.178 D.306 0.157 0,350 0.139 

ppb- 


Subset method 



20 30 40 50 60 70 80 

Cutoff 24-hour ozone 


Reversed subset method 



Cutoff 24-hour ozone 

Figure?. ToprThe "subset approach" in which the 24-h ozone-mortality 
model is restricted to a subset of days below 15, 20, ..., 60 ppb, and the 
unrestricted estimate. Ihis is the same as Figure 2 of Beil (2006) except 
lhat the calculation is in terms of population-weighted average rather 
than "national average" (but the appearance is ver>' similar). Bottom: 
The same with the “reversed subset" approach, in which the data are 
subsetted according to all days greater tlian a given threshold, rather 
than all days less than a given threshold. The increasing width of the Pis 
as the threshold increases shows the uncertainty of estimating an ozone- 
mortality coefficient at high ozone levels. 
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(a) All-year 



8-hour ozone 


Figure 8. Estimates and poiotwise 95% Pis assuming a piecewise linear 
exposure-response relationship with breaks at 40 ppb aod 60 ppb 8-h 
ozone. 

variation; there is no clear indication that is the largest of 
tlte three coefficients (as one might expect if it were true that 
ozone toxicity is greater at higher concentrations) and it has 
by far the largest posterior standard deviation of the three 
estimates. 

The industrial Midwest i.s the only region with a sta- 
tistically significant effect Ln 60-80 ppb according to this 
analysis. 

Individual-city analyses 

We select four cities to illustrate difTereni types of results. 
For each city, the results of 38 analyses have been showm, 
including analyses that represent 24-h, S-h, and l-h ozone, 
the NMMAPS and extended meteorology models, all-year 
and summer data, analyses hoih with and without PM,p as a 
co-pollutant, and the piecewise linear as well as linear con- 
centration-response curve. For each analysis, we present the 
posterior mean ozone-mortality coefficient and tJic bounda- 
ries of a 95% prediction interval. In cases where the predic- 
tion inler\'ai includes 0, the result should he interpreted as 
meaning that the ozone-mortality effect is not statistically 
significant in that city. All results are based on the standard 
two-stage analysis specified by Equations (1) and (2) for the 
national prior, or (2) and (3) (with x. taken as a regional indi- 
cator variable) for the regional prior. 

Los Angeles is the largest city in the study, with very high 
ozone levels, and if there were a cause-and-effect ozone- 
mortality relationship, one would expect it to show up in a 


REGIONAL WEIGHTED AVERAGES, 8-HOUR OZONE 
PIECEWISE LINEAR CONCENTRATION-RESPONSE 


Indusbial Midwest 

North East 

North West 
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South East 

South West 
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National 
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Slope in 0-40 ppb 

Slope in 40-60 ppb 

Slope In 60-80 ppb 


Figure*. Regional slopes for piecewise linear approach. 

wide variety of analyses. Despite this, no single analysis pro- 
duces a clearly significant result, avS .shown in Figure 10. 

Our previous results have shown New York and Chicago 
illustrating a strong ozone-mortality relationship. It is 
therefore no surprise that several analyses show significant 
results for both those cities (Figures 11 and 12). On the other 
hand, to take an example of a western city that also has high 
ozone levels, for Denver (Figure 13), none of the statistical 
analyses shows a significant relationship. Similar results, 
showing essentially no significant result for the posterior 
distributions at the individual-city level, have been obtained 
for other large western cities (e.g., Albuquerque, Phoenix, 
Salt Lake City, Seattle) and east coast cities in the south 
(e.g., Atlanta, Miami). Tliese results reinforce the fact that 
the ozone-monaliiy effect is concentrated within certain 
regions of the United States, and cities outside those regions 
show little if any clfect. 


Discussion 

Mullicity lime-series studies have come to be viewed as the 
gold standard of air pollution health research. They are supe- 
rior to single-city analyses, which typically exhibit too much 
statistical variation from city to city for a clear conclusion to 
be drawn. This is apparent from Figure la, in which the indi- 
vidual estimates range from -4.1% to +6.3% rise in mortality 
per 10 ppb rise in 24-h ozone, woth a median standard error 
of 1.4. Moreover, single-city results, including which cities 
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Point estimates and 95% Prediction Intervals for 3 ozone metrics (24-hour. S-hour. 1 -hour), and 2 meteorologies 
(NMMAPS, extended). Triangfes/solid lines: national prior. Circtes/dashed lines: regional prior, 

A: Full dataset; B: Summer only; C: PM10 not included but analysis restricted to days on which PMIO available; 
D: PM10 included; EFG: Piecewise linear model slopes for 0-40 ppb (E). 40-60 ppb (F), 60-80 ppb (G) 

Figure 10. City plot for Los Angeles. 


emerge with statistically significant effects, arc highly sensi- 
tive. to statistical modeling assumptions. 

Mukicity time-series studies are also widely considered 
superior to meia-analyses. 'Ihe distinction i.s that a mul- 
ticity time-series study uses raw data from each city in the 
study, which it analyzes using uniform statistical methods, 
whereas a meta-analysis combines data from previously 
published studies. Tliere are two kinds of potential bias in 
this approach: publication bia.<! (arising from the tendency of 
researchers to publish only those results in which they found 
a statistically significant effect) and model selection bias 
(selecting the statistical model to maximize the estimated 
effect, separately for each city). 'Iliese difficulties are appar- 
eut in the three ozone meia-analyses iliat were published 
togeilier in Epidemiology in 2005 (Bell et a!. 2005; Ito ct al. 
2005; Levy et al. 2005). In particular. Bell et al. (2005) directly 
compared NMMAPS muhicity results with a mela-analysis 
based on previously published results for the NMMAPS cit- 
ies, in .some cases finding effects that were as large as three 
times greater in the nieta-analysivS (allowing for differences 
in the ozone metric and units of measurement), which the 
authors themselves attributed to the likely effects of publica- 
tion bias. 

Multicity time-series studies were first used to study the 
mortality and morbidity' effects of PM,„ (Dominici et al. 
2000, 2002, 200.3;vSamet et al. 2000a, 2000h). 7hey have been 


extensively used in the analysis of ozone and mortality— 
apart from the papers already cited, a smaller miilticity 
study was included in Ito et al. (2005), an earlier version of 
the NMMAPS analysis in iiuang el al. (2005), and a similar 
European study in Gryparis e.t al. (2004). 'They were also used 
in a widely cited study about PM,j and hospital admissions 
(Dominici et al. 2006). 

We believe mukicity time-series studies may also suffer 
from serious difficulties, as Illustrated hy our reanalysis of 
the NMMAPS data on ozone and mortality. One issue is the 
sensitivity of the results to statistical modeling assumption.s, 
such as the functional form of meteorological adjustment, 
die inclusion of co-pollutants as confounders and effect 
modifiers, the choice of ozone metric and the use of a linear 
concentration-response model. In addition, the final result of 
a multicity rime-series study is usually quoted in some form 
of national average. In many case.s, this is calculated through 
a Bayesian hierarchical modeling procedure, though virtu- 
ally kienricai results are obtained through a non-Bayesian 
restricted maximum likelihood (REML) procedure. 

However, quoting a single value as a national average is 
misleading if there is substantial heterogeneity. We have 
investigated these issues hy calculating regional estimates, 
drawing spatial maps, looking at the dependence of indixdd- 
ual city results on demographic and environmental covari- 
ates (between-city effect modifier analyses), and by looking 
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Point estimates and 95% Prediction Intervals for 3 ozone metrics <24-hour. 8-hour. 1-hour), and 2 meteorologies 
(NMMAPS. extended). Triangles/solid lines: national prior. Circies/dashed lines: regional prior. 

A: Full dataset; B: Summer only; C: PMIOnot included but analysis restricted to days on which PM10 available; 
D; PM10 included; EFG: Piecewise linear model slopes for 0-40 ppb (E). 40-60 ppb (F), 60-80 ppb (G) 

Figiirell. City plot for New York. 


in depth at some of the po-sterior analysis residts for four 
individual cities. In the following discussion, we summarize 
our main conclusions under each of these headings. 

In Figure 1, we showed the raw (MLE) estimates of the 
regression coefficients, together with the posterior estimates 
under two priors (national and regional), and posterior 95% 
intervals based on the national prior. 'Ihe results based on 
the national prior are the same as in Figure 2 of Bell et al. 
(2004). The fact that individual- city posterior means arc sen- 
sitive to which of the two forms of prior is chosen shows that 
the choice of prior cannot be ignored in evaluating this kind 
of analysis. Given that we present substantial evidence later 
in tlie paper that the regional differences are real, it might be 
more logical to prefer the regional prior. 

In presenting the different re.sulis for national means, we 
have noted that the posterior mean of the "national average" 
parameter p. (in (l)) is closer to the unweighted mean of the 
individual-city estimates than it is to a mean weighted by 
population or (what is almost the same thing) by the inverses 
of the individual-city variances. This seems counterintuitive, 
because there is large variability in the sizes of individual cit- 
ies and it seems both logical and inevitable that the largest 
cities should have a strongest influence on the overall aver- 
age. However, the result may be explained by noting Utah 
conditionally on ir, the estimate of p is the weigfiied average 
with weights proportional to l/(s,'^ + t-), in the notation of (l) 


and (2). If is large relative to the individual s'^, the Bayes 
estimate will be approximately tlie unweighted mean. This 
might be a reasonable thing to do if we were selecting cities 
at random from a very large number of citie.s (the implicit if 
unstated assumption in (I)), but that is notvalid here because 
the selection of cities is very clearly not random. 

This discussion highlights the difficulty of interpreting 
a "national” ozone effect estimate in cases where there is 
substantial intercity heterogeneity among estimated ozone- 
mortality effect coefficients. We caution, again, that any 
national summary, even a population-weighted average, 
will necessarily conceal the vStill-unexplained heterogenei- 
ties. Further, we believe that the heterogeneity and sensitiv- 
ity of ozone effect estimates to a variety of covariales leaves 
open the issue of whether or not ozone is causally related 
to mortality. Consequently, the question arises whether any 
particular ozone-mortality effect estimate can reliably be 
used to predict mortality reductions that would ensue from 
specific ozone reductions. 

For the purpose of computing summary results where 
these are needed, we propose a population-weighted aver- 
age, but without any implication that this represents a causal 
association. Some cities, such as Los Angeles and Denver, 
do not show any statistically significant effect of ozone on 
mortality. Conversely, the use of a national coefficient for a 
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Point estimates and 95% Prediction Intervals for 3 ozone metrics (24-hour, 8-hour, 1-hour), and 2 meteorologies 
(NMMAPS, exlended). Triangles/soltd tines: national prior. Circles/dashed lines: regional prior. 

A: Full dataset; B: Summer only; C: PM10 not included but analysis restricted to days on which PM10 available; 
0: PM 10 included: EFG: Piecewise linear model slopes for 0-40 ppb (E), 40-60 ppb (F), 60-80 ppb (G) 

Figure 12. Ciry plot for Chicago. 


city like New York or Chicago may underestimate the effect 
of ozone as compared to use of a city specific coefficient. 

We have examined die sensitivity of the individual-city 
estimates to alternative specifications of meteorolog>' and 
the inclusion of co-pollutants. The effect of meteorology 
has already been examined extensively in previous stud- 
ies; for example, Ito et al. (2005) used four meteorological 
adjustments and found that the overall ozone-morrality 
coefficient varied by a factor of 2 over the inorlel.s studied: 
however, the smallest of these was for the model that essen- 
tially replicates the meteorology model of Bell et al. (2004). 
Bell et al. (2004) and Schwartz (2005) argued that the ozone- 
mortality effect is not changed by the exclusion of hot days. 
As a comparison, we reran some of our models deleting the 
hottest 1% of days within each city, with no change in the 
results. How'ever, one caution we would note is that it is nec- 
essaiy’^ to exclude days with very unusual mortality levels, 
such as occurred during the Chicago heatw-ave of July 1995, 
because such values are highly influential on the regre.ssion 
estimates. In fact Bell et al. (2004) already applied such a 
correction, as became clear on detailed examination of 
their computer code, though this was not mentioned in 
their paper. 

Wc have considered alternative specifications of meteor- 
olog>', including an “exlended meteorology" model that has 
a distributed lag form similar to that used for ozone. In some 


cases, this results in a reduction of the estimated ozone 
effect, implying a partial temperature confounding that was 
not accounted for in earlier analyses. 

We looked at the possibility of a confounding effect 
due to rMjy, concluding that the overall ozone-mortality 
coefficient is reduced between 22% and 33% when PM,|q is 
included in the model, despite the fact that in many cities, 
PM is only sampled once every 6 day.s. It is difficvtlt to make 
precise statements concerning the statLstical .significance of 
this result, given the large posterior .standard deviations, hut 
the result has been observed persistently across numerous 
analyses. It therefore seems doubtful to us that it is spuri- 
ous, though it is dear that our interpretation of this result is 
different from that of Bell et ai. (2004, 2007). On the other 
band, Franklin and Schwartz (200B) found an even larger 
confounding effect based on a different dataset using sulfate 
particles. 

Other authors who have considered the confounding 
effect of PMjg as a co-pollutant include Huang et al. (2005), 
w'ho analyzed a subset of the NMMAPS database; when both 
ozone and PM|j, were included in the mode! at lag 2, there 
was a decrement in the ozone-mortality effect similar to that 
reported here, hut at other lags, the effect was smaller or 
nonexistent. Schwartz (2005) also looked at PM,^ confound- 
ing in his case-crossover analysis, concluding there was no 
effect. The meta-analyses (Bell et al. 2005; Ito et al. 2005) 
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Figure 13. City plot for Denver. 


generally reported that inclusion of PM,p did not have a great 
overall effect on the results of the meta-analyses, but Bell 
et al. (2005) reported that where PMj^ was included, its effect 
was almost always to lower the estimated oz.one-mortality 
effect. 

We also looked at temperature, and SOj as with- 
in-city effect modifiers. For temperature, we found that in 
summer, the ozone-mortality coefficient is higher when 
temperature is above the median than when it is below. 
However, a more detailed regional analysis (not tabu- 
lated) showed that this effect is statistically significant 
only in the North East and Industrial Midwest regions. 
For PMjg. there is a stati.stically significant effect modifier 
relationship for all three ozone metrics and both all-year 
and summer-nniy data. Other caicuiation.s have shown 
that there is also some evidence of a regional effect here, 
strongest in the North East. The evidence for SO, being 
an effect modifier is less clear cut, because the relation- 
ship was significant only for 24-h ozone and all-year data. 
Taken together, these results imply that the influence of 
meteorology^ and co-pollutants on the ozone-mortality 
association cannot he ignored. 

Our results on temperature as an effect modifier are 
consistent with those of Ren et al. (2008), who also used 
the NMMAPS data but treated the ozone, meteorology, 


and long-term trend effects in quite different ways from the 
analysis here. Ren et al. confined their study to summer data 
and to two regions; a combination of our Industrial Midwest 
and North East regions (that they called “northeast”), and 
the South East region (the same as ours). They stratified tem- 
perature into three ranges; below' the first quariile, between 
die first and third quartiles, and above the third quartile. 
They then computed combined estimates of the ozone- 
mortality coefficient in each of the three ranges. For their 
northeast region, they claimed the ozone-mortality effect is 
by far the largest in the highest range of temperatures (above 
the third quartile). For the South East, they essentially found 
no difference in the ozone-mortality coefficient among the 
Uiree ranges of temperature. These results are consistent 
with oars, which show temperature is a statistically signifi- 
cant effect modifier for summer data in the North East and 
Industrial Midwest, but not in the other five regions (includ- 
ing the South East). 

On the more general effect of changing ozone metrics, 
we found that single-city ozone-mortality coefficients com- 
puted under the 24-h, 8-h, and 1-h ozone metrics are quite 
highly correlated (0.7-0.8) in cither the raw or posterior 
mean estimates, but the association is certainly not perfect 
(Figure 3). Previous authors have used conversion factors to 
compare results in different metrics; for example, Bell et al. 
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(2005) used the ratios 20:15:8 for (he means of 1-h, 8-h, and 
24-h ozone. However the actual ratios of these means for dif- 
ferent cities vary substantially. 

We found significant regional and spatial variability in 
(he ozone-mortality coefficient, using seven regions for the 
continental United States that had earlier been defined for 
PM,y studies (Samet et al. 2000b: Dominici el al. 2002, 2003). 
The city of Honolulu w'as excluded from all analyses that 
involved regional variables. Similar regional results for 24-h 
ozone, all-year analyses, were reported by Bell and Dominici 
(2008); as far as we are aware, this was the first explicit dis- 
cussion of regional variation in the ozone-mortality coeffi- 
cient, though such an effect is apparent from cjose scrutiny 
of Figure 2 of Bell et ai, (2004). Our results showed that this 
is a persislcni effect across all three ozone metrics and both 
all-year and summer-only data; later (Figure 9) we also 
showed that a regional effect also exists in the piecewise 
linear analysis. The overall pattern of these results is that the 
North Hast and Industrial Midwest regions have hy far the 
largest ozone-mortality assneiations; tliere is also a smaller 
hut in many instances statistically significant association 
for the .South East (that wc believe is largely due to the cit- 
ies in Texas, especially Houston and Dallas/Fort Worth). TTie 
piecewise linear analysis (Figure 9) implies that tlie result for 
the South East may be entirely due to the ozone-mortality 
association at low ozone levels, below 40 ppb. The fact that 
dear differences exist for the individual-city results in differ- 
ent regions (Figures 10-13) also reinforces the conclusion 
that the inter-region differencCsS are both statistically and 
practically vSignificant 

Spatial patterns have previously been shown for PM,„- 
mortality effects (Dominici et al. 2002). An online figure 
posted with Beil and Dominici (2008) depicted the spatial 
variahiliiy of the estimated effects, though they claimed 
there wa.s no evidence of a spatial pattern. They did not, 
however, make explicit use of spatial correlation and kriging 
techniques. Our analyses leading to Figure 6 brings out the 
spatial pattern much more sharply than previous analyses. 
It naturally raises the question of what could he the cause of 
such strong spatial effects. 

The main conclusion of Bell and Dominici (2008) was 
that differences among cities could be explained in terms 
of (between-city) effect modifiers. Effect modifiers can be 
classified broadly into three types. Demographic variables 
(e.g., racial or socioeconomic) might be indicative of vul- 
nerable subgroups of the population. The other tw'o hroad 
classes are those a.ssociated with exposure and with possible 
co-pollutants. The pre.sence of among the significant 
effea modifiers suggests a co-pollutant effect, though we 
did not find such a strong effect for vSO^ when treated as a 
within-city effect modifier. In contrast, for the effect 
is the other way round: significant as a within-city modi- 
fier, but not as a between-city modifier. For temperature, 
we have observed a positive association (in summer) when 
treated as a within-city modifier, hut there is a negative asso- 
ciation when temperature is treated as a helween-clty effect 
modifier, which suggests that temperature as a hetween-city 
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effect modifier could be a proxy for something else (such as 
AC use). Alternatively, it is possible that temperature (like 
latitude and longimdc, which were also statistically sig- 
nificant effect modifiers) is just a proxy for a broad spaiiai 
pattern that, as we saw earlier, leads to significantly higher 
ozone- mortality coefficients in the North Hast and Industrial 
Midwest regions. 

The two variables related to transport presumably reflect 
ejq)OSure — those taking public transport spend more lime 
in the open air and are therefore more exposed to ozone. 
Air conditioning has a similar interpretation -people who 
live in air-conditioned houses are less exposed to ambient 
ozone in summer. I lowcvcr, vve found a much stronger effect 
by separating the air-conditioning variable into one based 
on central AC and another based on the use of window AC 
units. For central AC, we found a statistically significant 
negative association, consistent with Bell and Dominici for 
the 24-h ozone all-year analysis but also extending to the 
other five analyses in Table 2. But there is a stronger positive 
association between the proportion of hnu.ses using window 
AC in a city and the ozone-mortality coefficient in that city. 
It is knowm that homes with central AC tend to have lower 
air exchange rates and hence also lower indoor to outdoor 
ozone ratios. Because outdoor ozone is the main source of 
indoor ozone, this would imply that actual ozone exposures 
are lower in houses with central AC (Weschler 2000, 2006). 
It therefore seems plausible that houses with window AC 
have a higher indoor-to-outdoor ozone ratio and therefore 
the residents experience higher ozone exposure. Further 
evidence to support this includes the fact that window AC 
units contain a 'vent' option that allows addition of out- 
door ‘make-up’ air to recirculated conditioned air, actively 
increa.sing room/home air exchange rates, although at the 
expense of reduced cooling and energy efficiency; central 
AC units usually lack such options and are ofien installed in 
relatively tight, well-in.sulaied homes with low air exchange. 
Also, open windows are found more common (and likely 
air exchange rates higher) in hou.ses with window AC or no 
AC than homes with central AC (Johnson and Long 2005). 
Other possible confounding issues may arise from indoor 
temperature and dewpoint being different between houses 
wiUi and without AC. 

The variables associated with residential mobility could 
he demographic or exposure-related. In their reanalysis of 
the American Cancer Society cohort study, Krewski et al. 
(2000) noted that population change is correlated with 
standardized mortality rates, and suggested as one possible 
explanation that healthy people are more likely to move. 
However, it is also possible that thi.s reflects exposure, older 
honses being less well insulated and perhaps also less likely 
to have central air conditioning. All four “residential mobil- 
ity" variables in Table 5 are positively correlated with central 
AC usage and negatively correlated with window AC use. 

Tire fact that several variables related to ozone exposure 
could be significant effect modifiers is consistent with results 
ofKoutrakis et al. (2005) and Sarnat et al. (2006), which dem- 
onstrated a low correlation between personal and ambient 
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levels of ozone, in contrast to PM^y or PM, , where the cor- 
relations are much higher. The impact of these findings for 
regulations is unclear, but it seems to us that there is a need to 
recognize the different degree of ozone association in cities 
such as New York and Chicago compared with many others 
where the associations are much smaller. It is also possible 
that the fact that ozone-mortality effects have been gener- 
ally reported higher in European cities (Gryparis et al. 2004) 
compared with the United States may also he associated with 
variables such as public transport, or with much lower usi^e 
of .AC, although there are other difficulties in comparing the 
studies, such as the use of different ozone metrics and statis- 
tical metliods, and different policies in the United States and 
Europe regarding the siting of ozone monitors. 

Our conclusions from this part of the analysis are as fol- 
lows. First, the presence of several statistically significant 
effect modifiers confirms that the variation of llte ozone- 
mortality coefficient over cities is not random, and there- 
fore throws further into question the validity of computing 
national risk estimates. However, the analysis does not 
clearly identify any single effect modifier as the one most 
likely to have a cause and effect interpretation. Variables that 
are indicators of race or socioeconomic .status, as highlighted 
by Bell and Dominic! (2008), seem to us to he spurioiks. The 
other variables seem to suggest either a co-pollutant effect, 
or variations in personal exposure to ozone. In either case, 
the true causal mechanism that leads to an observed ozone- 
mortality association is unresolved. 

Thefinal part of our discussion concerns the possibility ofa 
nonlinear exposure-re.sponse association, where "response" 
here is generally interpreted as the logarithm of mortalify 
rate at a given ozone level. Previous discussion of this issue 
has often been focused on tlie apparent nonexistence of an 
ozone threshold (e.g., NRC 2008), but it is also important to 
con,sider the broader implications of a nonlinear associa- 
tion, such as its impact on risk assessments that try to evalu- 
ate the benefits of ozone reductions across certain ranges. 
Bell et al. (2006) presented a "subset analysis" that showed 
the effect of ozone persists to very low levels. We have essen- 
tially replicated their results, hut for comparison purposes, 
we also show a "reverse suhsei” analysis that confirms the 
increasing uncertaincy of the ozonc-morialicy association as 
we restrict to moderate or high levels of ozone. 

The finding of a statistically significant effect at very low 
ozone levels is mysterious, because direct studies of human 
lung function response to ozone do not show any effect al 
40 ppb (Adams 2002, 2006). Other authors have que.stioned 
the biological plausibility of associations at very low ozone 
levels (Vedal et al. 2003). The biologic plausibility argument 
is delicate in that it refers to human personal exposure as 
opposed to an ozone metric derived from monitored ambi- 
ent concentrations. A .statistically significant linear response 
at low' ambient ozone might be less surprising if actual per- 
sonal exposures were hioiogically meaningful and highly 
correlated with ambient ozone at low ambient concentra- 
tions. However, at this time, the concern of Vedal et al. is rel- 
evant and removing the objection of biologic implausibility 


requires demon-strating that (a) actual personal exposures 
at low levels are biologically meaningful and (b) sub.stantial 
personal exposure-ambient correlation exists in the low- 
ambient range. We believe it is reasonable to hypothesize 
that the variability across cities of die ozone-inonality coef- 
ficient estimates is linked to variability across cities in the 
relationship between persona! exposures and the monitored 
ozone metric. 

Moreover, although there remains extensive spatial varia- 
bility (in the range 1.5-50 ppb) in estimates of policy- relevant 
background ozone level (Fiore et al. 2002, 2003; Oilmans 
er al. 2008), it seems likely that 24-h ozone levels below 30 
ppb or 8-h ozone levels below 40 ppb w’ould be below the 
level plausibly affected by any currently proposed ozone 
regulation. 

Plots of total relative risk (compared with zero ozone) 
across different ozone ranges appear to show a steady 
increase in risk with ozone level, as in our Figure 8 or Bell 
et al’s (2006) Figure 3. How'cvcr, this could be mislead- 
ing because it appears that most of the contribution to the 
overall risk is from relatively low-ozone days, many of them 
below background level, 'fhe ozone range most likely to he 
affected by regulation is that between 60 and 80 ppb, but 
here the effect is much more uncertain (Figure 7), and the 
picture is clouded still more by the regional variation. 

Summary and conclusions 

The basis for the national effect estimates published by Bell 
and others is questionable in the face of clear evidence that 
the effect is not homogeneous. We propose the population- 
weighted average as a more meaningful summary of a heter- 
ogeneous effect, but such a summary is specific to the group 
of cities considered; there is no implication or even expecta- 
tion that the same numerical result would apply for a differ- 
ent population base, even if the methods of data collection 
and analysis were essentially the same. Also, the estimates 
do not translate evenly from one ozone metric to another. 

There is clear evidence of a PMj,, co-pollutant effect tJiat 
has been understated or misinterpreted in previous publica- 
tions. Given that in many cities is only available 1 day in 
6, and is probably not the most effective measure ofa partic- 
ulate matter effect, the true influence of co-pollutants could 
be much greater than this. We aJ,so find that temperature, 
particulate matter, and sulfur dioxide all act as (within-cily) 
effect modifiers, though the temperature effect is confined 
to the North East and Industrial Midw'est regions in summer, 
and the effect for sulfur dioxide may be spurious given that it 
only applies to tlie 24-h ozone metric. 

The nonlinear analysis shows tliat much of the evidence 
for an ozone-mortality relationship in fact comes from the 
low-ozone days, hut human studies do not support an ozone 
effect at such low ozone levels. It is possible that the appear- 
ance of an association al low ozone levels may be due to the 
effect of co-pollutants, or an artifact caused by differences 
between personal and ambient exposure. If we try to esti- 
mate the ozone-mortality effect restricted to higher levels 
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of ozone that might be directly affected by new regulations, 
the uncertainty is much greater and there is still evidence of 
regional variability. 

The regional estimates and single-city analyses demon- 
strate that (he evidence for any ozone-mortality effect Ls weak 
away from a central band across the country that stretches 
from Houston to New York. 

A number of between-city effect modifiers have been 
identified that may explain some of the spatial variability. 
No single effect modifier is primarily responsible; one that 
turned out highly significant was the proportion of window 
AC units, and another was residential mobility. However, the 
mechanism by which such factors influence ozone epidemi- 
ology is still very unclear. We do believe, however, that this 
kind of effect modifier has a stronger influence than those 
based on race or socioeconomic factors. 

There are other methodological issues that have not been 
discussed in this paper, but that could affect the results. For 
example, the long-term trend part of the model exactly fol- 
lows Beil et al. (2004), but it is known from studies of other 
air pollution effects (Peng el al. [2006] in the case of PM,p, 
Ostro ctal. [2006] in the case of PM., J that model results may 
be sensitive to the degrees of freedom and other aspects of 
the specification of this component. We have not considered 
.specific-cause mortality effects, such as cardiovascular or 
chronic obstructive pulmonary disease (COPD) mortality. 
It also remains to explore many alternative aspects of co- 
pollulant effects, including nonlinear specification of the 
ozone-mortality relationship in the pre.sence of an effect 
modifier. 

In summary, it is our view that estimates of the asso- 
ciation between ozone and mortality, based on time-series 
epidemiologic analyses of daily data from multiple cities, 
reveal important still-imexplained inconsistencies and 
show sensitivity to modeling choices and data selection. 
These inconsistencies and sensitivities comribuic to serious 
uncertainties when epidemiological re.sults are used to dis- 
cern die nature and magnitude of possible ozone-mortality 
relation.ship,s or are applied to risk assessment. 

Appendix 1: Derivation of REML estimator 

Equations (1) and (2) may he combined to imply that ~ 
Mty- V '■'^1 independently for each city c. The weighted 
least squares estimator of p. is M= [I tj{s/ + t^)]/[Z + 

T-)]. If we let '/ denote the vector of all the and if vve gen- 
eralize to the case T - A/[XP, H] for some covariate matrix X 
with n row.s and q <n columns and of rank £/, P a vector of 
regression parameters of dimension q, and H a covariance 
matrix with n rows and n columns, then by Equation (3) of 
Harville (1974), the logarithm of the restricted likelihood is 
given by 

- ‘/ 2 (n ~ q)log{2-n)+V2\og det(X^X) 

->,^!logdct(X^ H^'X)-V2lagdetlH)-V2R 
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where is the generalized residual sum of .square.s, R-{T~ 
XbyH~'iT-Xb) m\c\b = (X^ /T-'X)’'X'' H~'T is the generalized 
least squares estimator of p. For the analysis where there is 
no covariate, we specialize (5) to the case when q = I, Xis 
a column vector of ones, P is the scalar parameter |x, H is a 
diagonal matrix whose c'th diagonal entry is s - -i- Then R 
is the weighted sum of squares of residuals I (?_, - M)-/(a'_," -i- 
T^) and if vve ignore the first two terms of (5) (which do not 
depend on p. and t-), then maximizing (5) is equivalent to 
minimizing 

log[Xl/(s/+T=)i+Xlog[l/(.V+T=')J+R (6) 

which is a function of t- alone; in other words, we choose 
to minimize (6). This Is then called the REML estimator 
of Conditionally on -r, we then estimate p. by M as given 
previously, with an estimated variance of 1/[I l/(s^^ + T-)j. 
The square root of this then gives the standard error of p.. 

For the effect modifier analyses acros.s citie.s, vve write the 
regression model in the form F(t^) = where is the 

effect modifier in city' c; estimates P^, p,, of the regression 
coefficients P(,, P, are obtained by weighted least squares with 
weights l/(s^^ + -r), and we calculate R = Zit^-~ 

+ r^). We then select to maximize (5), which in this instance 
is equivalent to minimizing iog[I{l/(s^^ + t-)) + t-)) - 

(l(xj{s~ + T^)))^] + Ilog(s/ -H r) + R. 

Appendix 2: Estimation of 
population-weighted means 

We a.ssume the standard hierarchical model defined by 
Equations (1) and (2). Suppose we want to estimate 
for given weight.? -in the context of this paper, we are par- 

ticularly interested in the choice when is proportional to 
the population of city c. We can formulate this as a problem 
in universal kriging, see, e.g., Cressie (1993) or Stein (1999). 
Suppose Y Is a vector of observations with mean Xp and 
covariance matrix V (here Xp refers to some matrix of cov- 
ariates X and an unknown linear rcgre.ssion coefficient P). 
Suppose V], is some as yet unob.served scalar quantity with 
mean JCp'''P and variance known, p unknown). 

Also assume the vector of covariances between Y and 
is Then the optimal linear predictor of is of the form 
X''Y where X = V-'u/ + V-‘X(^r'X)-'(.t„ - X^V'^w), and the 
corresponding mean squared prediction error is - w'Y’^w 
+ (x^, - X^V^'uO'^(X’’V^‘X)'Kj^o - X''V"*uO. In the present case, 
we identify Y with the vector of city'-specific regression 
coefficients from the first st age of the analysis, whose means 
are all p.(Le., Xis acolumn vector of ones, p = p.) and whose 
covariance matrix Yis diagonal with diagonal entries, -»■ 

+ T', ..., where s^, s^... are the individual standard errors 
and is the intercity variance. We identify Y^ with 
with w (i.e., flic vector of weights m'J, and with r'S w\ 
Routine algebraic rearrangement then shows the optimal 
predictor and its mean squared prediction error are of the 
form given. 
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Appendix 3: Spatial analysis 

In ihis appendix we briefly outline the method for comput- 
ing Figure 6. 

The approach is an extension of that used in Appendix 
i to allow for spatial dependence in the prior distribution 
for (K We extend (2) and (3) to 

T\&-^N{e,W], (7) 

&-N[X^,H] (8) 

where N represents the multivariate normal distribution, 
r is the vector of t , 0 is the vector of 0^, Xp is the linear 
mean, and W and ?/ are covariance matrices. We assume 
W is known - -consistent with (2), IV is the diagonal matrix 
with s ,^ in the c'lh diagonal position— but H is taken to be 
a parametric spatial covariance matrix--for the examples 
given here, this was assumed to be of the "Gaussian" covar- 
iance form with no nugget, after trying several alternatives, 
see, e.g., Cressie {1993j or Stein (1999) for an introduc- 
tion to spatial covariances and their application in spatial 
prediction. 

Combining (7) and (8) into a single equation, we have 

from which ^ and the parameters of H may be estimated by 
the REML method, using (5) again with H replaced by H + 
W. Conditional distributions for the components of 0 given 
T. both at the actual city sites and elsewhere, arc then calcu- 
lated by the procedure known as universal kriging, which is 
described in detail in books on spatial statistics, including 
Cressie (1993) or Stein (1999). 
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federal air quality legislation. 
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At the beginning of each year, your Board adopts the District's 
legislative platform that will guide the District's legislative advocacy 
efforts. The policy positions outlined in the legislative platform will 
provide guidance on legislative and regulatory actions, and reflect 
current priorities involving air quality issues in the San Joaquin Valley. 
Upon adoption by your Board, the District staff will follow up by 
meeting with the members of the legislature to distribute the platform 
and to update them on the Valley’s air quality challenges and needs. 

The platform contains summary information about the District and air 
quality in the San Joaquin Valley, the District's top legislative priorities 
for the upcoming legislative session, and general principles that will 
guide the District when taking positions on specific legislative and 
regulatory proposals. During the past few years, the District has made 
a concerted effort to inform legislators at both the state and federal 
level of the air quality challenges that we face, past efforts to reduce 
air pollution, and the need for additional resources and policy tools to 
continue to bring cleaner air to Valley residents. 
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ITEM NUMBER 10: APPROVE THE DISTRICT’S 2015 LEGISLATIVE PLATFORM AND TAKE 

POSITIONS ON ANTICIPA TED FEDERAL AIR QUALITY LEGISLATIVE PROPOSALS 

January 22, 2015 

LEGISLATIVE PRIORITIES : 

A summary of the District’s 2015 legislative priorities are as follows: 

• (Federal) Seek legislative common sense improvements to the Federal Clean Air 
Act. in addition to our legislative proposals, the District has worked with EPA to 
advance administrative changes that can address certain issues with the Clean 
Air Act. These efforts have been productive, as EPA included many of the 
District’s suggestions in their proposed implementation rule for the latest 8-hour 
Ozone Standard. 

• (State) The District receives State Subvention Funding to offset the costs of state 
mandated air quality programs. Despite significant increases in responsibilities 
and the impact of inflation, the funding level has not been adjusted for over 20 
years. The District currently receives $900,000 per year which is less than 2% of 
the District’s operating budget. The District supports an increase in State 
Subvention Funding. 

• (State) As the state develops updated policies/guidelines for the Carl Moyer 
program, the District will pursue policies that continue to focus the program on 
public health, maintain formulas that take air quality challenges into 
consideration, and that utilize cost-effectiveness surplus emission reductions as 
the primary eligibility criteria. 

• (State) The compliance regiment under the state’s Cap and T rade program may 
lead to increases in criteria and toxic emissions or missed opportunities to reduce 
such emissions in certain areas. Therefore, the District will advocate for policies 
that target a portion of Cap and Trade revenues to regions that are already overly 
impacted by criteria pollutant emissions with a greater focus on environmental 
justice communities. 

• (State/Federal) The District will oppose greenhouse gas measures that are 
detrimental to public health due to increases in criteria pollutant or toxic 
emissions, and support greenhouse gas measures that achieve criteria pollutant 
and toxic emissions reductions. 

• (State/Federal) When assessing state/federal policies concerning disadvantaged 
communities, the District considers poverty as a key factor contributing to 
diminished public health. The District will oppose efforts that lead to “redlining” 
these communities and inhibit economic growth. The District will support 
measures that improve quality of life and economic welfare by providing new 
state and federal resources. The District will oppose measures that dilute local 
control by diverting local revenues or the authority over the expenditure of local 
resources to the state or federal government. 
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• (State/Federal) Seek funding and other support from the State Air Resources 
Board and federal Environmental Protection Agency (EPA) to install and operate 
additional air quality monitoring instruments throughout San Joaquin Valley. 

• (State/Federal) Support efforts that provide for cost-effective alternatives to 
agricultural open burning, level the playing field and provide fair competition 
between biomass plants and other renewable sources of power, and additional 
research and development of alternatives to agricultural open burning. 

• (State/Federal) Support state and federal funding of technology advancement 
projects to help develop technologies to meet federal air quality standards. 
Potential areas for funding include zero and near-zero emission mobile source 
projects, renewable energy projects, and projects to eliminate emissions 
associated with waste disposal. 

• (State/Federal) Support adequate resources and policies to reduce the impact of 
wildfires and their attendant public health impact. 

The final section of the Legislative Platform provides general principles that will guide 
the District when taking positions on legislative proposals that will impact the District or 
the ability of the District to achieve its goals. The general principles have been updated 
to be consistent with the current goals of the District, 


DISTRICT POSITIONS ON ANTICIPATED FEDERAL LEGISLATION : 

The above legislative priorities and the attached Legislative Platform will guide the 
District’s positions on legislative actions throughout the year. However, the District 
anticipates a flurry of actions with the new Congress relating to the Federal Clean Air 
Act that warrant more explicit guidance from your Board. Furthermore, it is expected 
that Congress will attempt to guide clean air policies by influencing EPA actions through 
its agency oversight and budgetary authorities. A key focus of these efforts is expected 
to be actions relating to EPA’s ability to set new air quality standards and to provide 
more congressional guidance relating to EPA’s definition and treatment of exceptional 
events. 

Consideration of Cost and Feasibility; The current language in the Federal Clean Air 
Act is silent on the need for EPA to consider cost or feasibility when establishing new air 
quality standards. Therefore, the Supreme Court has ruled that EPA cannot consider 
cost or feasibility when establishing health standards. 

Provide More Time for the Establishment of New Standards: Currently, the Clean 
Air Act requires that EPA review and update air quality standards every five years 
based upon the latest health information. New standards, with new requirements and 
deadlines, are established even if significant parts of the country are still striving to meet 
existing standards. 
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Exceptional Events: Under current EPA policy the extreme drought conditions 
experienced in 2013/14 in the San Joaquin Valley and other regions in California are not 
eligible to be declared “exceptional events” since stagnation and lack of precipitation are 
not considered eligible events. 

The following bills related to the above are expected to be re-introduced in the coming 
Congress; 

CASE Act: The Clean Air Strong Economies (CASE) Act by Congressman Olson, 

Texas (Attachment B). The CASE Act requires that EPA not propose a national primary 
or secondary ambient air quality standard for ozone that is lower than the existing 
standard until at least 85 percent of the counties that were nonattainment areas under 
that standard achieve full compliance with the standard. Additionally, the CASE Act 
would require that EPA take into consideration feasibility and cost when setting 
standards and include in the regulatory impact analysis for the proposed and final rule 
at least one analysis that does not include any calculation of benefits resulting from 
reducing emissions of any pollutant other than ozone. 

ORDEAL Act: The Ozone Regulatory Delay and Extension of Assessment Length 
(ORDEAL) Act by Senator Jeff Flake, Arizona and Congressman Matt Salmon, Arizona 
(Attachment C). The ORDEAL Act would lengthen the period between when EPA 
would review and set a new ozone standard from the current five year interval to ten 
years. 

State and local air agencies are mandated to develop measures to meet federal 
ambient air quality standards that were set without considering the economic costs. 

The Act also sets attainment deadlines and implementation milestones that do not fully 
take into account natural environment (climate, geography, topography), magnitude of 
the needed emission reductions, availability of technology (maturity of existing control 
program, time needed to develop new technologies), economic feasibility, and pollution 
transport from other regions and countries. 

Continued effort to develop cost-effective measures in areas such as San Joaquin 
Valley where businesses are already subject to the toughest air regulations in the nation 
is extremely difficult. In fact, both San Joaquin Valley and South Coast concluded that 
technology did not exist to meet even the 1997 8-hour ozone standard. Meeting the 
new standards that approach background pollution concentrations require 
transformative measures that need sufficient time to be planned and implemented. For 
instance, meeting the latest ozone standard requires eliminating all emissions 
associated with fossil fuel combustion. The deployment of necessary technology and 
massive fueling infrastructure is virtually impossible before the current deadline of 2032. 

More realistic attainment timelines would allow time for technologies to advance and 
businesses to develop capital improvement programs to incorporate those technologies 
in an economically feasible fashion. Additionally, efforts to accurately assess the 
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incremental costs and benefits of new standards would better inform policy makers 
when reviewing new standards. 

Currently, in the San Joaquin Valley, there are six active State Implementation Plans 
(SIP) in place for ozone and particulate matter, including one for a standard that was 
revoked. Furthermore, the District is mandate to adopt four additional plans in the next 
two to three years. There is a great deal of overlap, confusion, and redundancy as 
multiple plans for the same pollutant are at play. 

The CASE Act requires EPA to formally calculate the incremental benefits resulting only 
from implementing the new standard without adding benefits resulting from 
implementation of existing standards. Currently, EPA does cite associated health 
benefits outside of the regulatory process in the public communication literature that 
accompanies the announcement of the new standards. In doing so EPA often takes 
credit for health benefits that result from compliance with other existing standards. 

Some believe that without focus on the incremental benefits of the new standard there 
is potential to double-count the associated benefits. Additionally, the CASE Act would 
require that EPA not establish a new ozone standard until at least 85 percent of the 
counties that were nonattainment areas under the existing standard achieve full 
compliance with the standard. The ORDEAL Act would extend the period between 
when EPA would review and set a new ozone standard from the current five year 
inten/al to ten years. 

Issues to consider in formulating a position on the CASE and ORDEAL Acts 
The District does not inherently object to routine review of the health standards and 
establishment of new standards based upon the latest scientific data. However, as 
described earlier, the current regiment under the Clean Air Act has led to excessive red 
tape and administrative burdens without corresponding public health benefit, as well as 
deadlines that are impossible to meet. However, the District believes that it is possible 
to continue with the current rigorous regiment for establishing new standards if the 
implementation mandates are adjusted to avoid redundancy and provide reasonable 
deadlines that ensure rapid progress toward meeting the standards. These changes 
can be made with a combination of administration and/or legislative actions at the 
federal level without any delay in the current standard setting process. Absent these 
common sense changes to the implementation phase of the Clean Air Act, then the 
approach taken in the CASE Act and/or the ORDEAL Act may be an appropriate 
mechanism. Furthermore, these bills might be the only vehicle to focus attention on 
these issues in the Legislative and Executive branches. 

CLEER Act: Commonsense Legislative Exceptional Events Reform (CLEER) Act by 
Senator Flake, Arizona and Congressman Olson, Texas (Attachment D). These bills 
were introduced last year and the House bill was cosponsored by Congressman 
McCarthy and 22 other members of Congress. The bills streamline EPA’s exceptional 
events approval and appeal process. At the District’s request, the House bill was 
amended to include language that clarified that the prolonged and extraordinary drought 


5 



479 


SJVUAPCD Governing Board 

ITEMNUMBER 10: APPROVE THE DISTRICT’S 2015 LEGISLATIVE PLATFORM AND TAKE 
POSITIONS ON ANTICIPATED FEDERAL AIR QUALITY LEGISLATIVE PROPOSALS 
January 22, 2015 

and related weather conditions similar to those faced by the Valley in 201 3/1 4 should be 
considered Exceptional Events, 

Issues to consider in formulating a position on the CLEER Act 
Until the exceptional weather conditions experienced due to the recent drought, the 
District was on track to attain the 1997 annual PM2.5 standard before the federally 
mandated deadline of December 2014. The District’s 2008 PM2.5 Plan satisfied ail 
federal implementation requirements for the 1997 PM2,5 standard at the time of 
adoption and demonstrated attainment based on projected 2012-2014 PM2.5 levels. Ail 
emission reduction commitments under that plan have been fulfilled. Due to the 
extreme drought, stagnation, strong inversions, and historically dry conditions 
experienced over the winter of 2013/14, the Valley cannot show attainment even if the 
Valley experienced zero PM2.5 pollution for the last three quarters of 2014. 

In addition to the historically strong atmospheric stability, the winter of 2013/14 also 
experienced record low precipitation totals, with some locations breaking records over 
1 00 years old. These unprecedented dry conditions exacerbated the air quality 
challenge during the winter of 2013/14. As a result of the extreme meteorology 
experienced in the Valley, PM2.5 concentrations reached peak levels that had not been 
recorded in over a decade, which in turn has increased the Valley’s federal PM2.5 
design values, making the journey to attainment of the PM2.5 standards even more 
difficult. 

The District supported these bills last year and staff recommends that the District 
support them again if they are reintroduced. 


FISCAL IMPACT: 


Approval of this item will have no impact upon the District’s budget. 


Attachments: 

Attachment A: Draft 2015 Legislative Platform (23 pages) 

Attachment B: HR. 5505 CASE Adas Introduced in the 11lf Congress (2 pages) 

Attachment C: S.2514 and H.R.494T ORDEAL Act as Introduced in the 11T Congress (8 pages) 
Attachment D: S.2526 and H.R.4957 CLEER Act as Introduced in the lUf' Congress ( 13 pages) 
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Jurisdictional Roles 


The San Joaquin Valley Air Pollution Control District (District) is the local agency in 
charge of cleaning the air within the eight county region of the San Joaquin Valley (San 
Joaquin, Stanislaus, Merced, Madera, Fresno, Tulare, Kings, and the valley portion of 
Kern County). The District has the primary authority in regulating stationary sources of 
pollution, such as factories, businesses, and industries. Although state and federal laws 
preempt the District from setting new tailpipe standards for mobile sources of emissions, 
the District implements indirect source regulations and incentive-hased programs to 
reduce emissions from on-road and off-road sources of air pollution. The primary 
authority to regulate emissions from mobile sources of air pollution, such as cars and 
trucks, lies with the state and federal government. In achieving our clean air goals, the 
District partners with a number of other governmental agencies: 

• The federal government, primarily through the Environmental Protection 
Agency (EPA), sets health-based standards for air pollutants. EPA also controls 
emissions from trucks, trains, planes and boats and oversees state and local 
actions to improve air quality. 

• The state government, through the California Air Resources Board (ARB) and 
the Bureau of Automotive Repair, develops programs to reduce pollution from 
vehicles and consumer products. The state also oversees the actions of local air 
districts and city and county agencies. 

• County and city governments are responsible for land-u,se planning to address 
issues such as “urban sprawl” as well as transportation and mass transit planning. 

Progress in cleaning our air is often measured in relation to the health-based standards 
established by the federal government. The state of California also establishes ambient 
air quality standards that serve as ultimate goals in achieving clean air. 


Progress to date 

The Valley’s geography and meteorology exacerbate the formation and retention of high 
levels of air pollution. Surrounding mountains and consistently stagnant weather patterns 
prevent the dispersal of pollutants that accumulate within the Valley. Temperature 
inversions, while present to some degree throughout the year, can last for days during the 
winter, holding in nighttime accumulations of pollutants, including wood smoke. 

Due to these unique circumstances, no other region in California faces the enormous 
degree of difficulty that the Valley faces in meeting the ambient air quality standards for 
ozone and particulates. This is illustrated by the fact that the San Joaquin Valley has far 
fewer pollutant emissions per square mile “emission density” than other regions in 
California that have equivalent or even better air quality. 

In order to address these challenges, the District has implemented comprehensive 
regulatory control strategies over the past few decades. Since 1992, the District has 
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adopted over 500 new rules and amendments to implement this aggressive control 
strategy. In addition, ARB has adopted stringent regulations for heavy-duty trucks, off- 
road equipment, and other mobile sources. Measured air quality improvements in the 
Valley document the success of these innovative and effective rules. 

These innovative strategies, such as the first-of-its-kind Indirect Source Review 
regulation that reduces emissions from residential and commercial development, have 
proven to be highly effective, as evidenced by the steady rate of improvement in the 
Valley’s air quality. The District’s incentive program has become an increasingly 
important and effective strategy for reducing mobile source emissions that the District 
does not have direct regulatory authority over, with an expenditure of $500 million and a 
total public/private investment of over $1 billion. These investments have reduced over 
100,000 tons of emissions since 1992. 

As illustrated in the figure below (Figure I), the District’s control strategies will continue 
to significantly reduce emissions in the coming years and continue to provide reductions 
in air pollution. 


Figure I 

San Joaquin Valley NOx Summer Inventory Trend 


600,0 


500.0 


0 
'Si 

1 

lU 


400.0 


300,0 


X 

O 200.0 


100,0 


0.0 



2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 


2 



486 


The Valley’s efforts to reduce emissions have had a dramatic impact upon the Valley's 
air quality. For the first time in recorded history, the San Joac|uin Valley in 2013 had 
zero violations of the hourly ozone standard established under the federal Clean Air Act. 
In 2014, the San .loaquin Valley completed an additional ozone season with zero 
violations of the 1 -hour ozone standard. By contrast, in 1 996 the Valley experienced 28 1 
hourly exceedances of this standard throughout the eight-county region (see Figure 2). 
The District has submitted a formal request to the federal Environmental Protection 
Agency to declare the Valley in attainment of the key standard and lift the $29 million 
penalty mandate which Valley residents have been paying since late 2010. Reaching this 
milestone has been the key focus of the Valley’s air quality-management strategies for 
more than two decades. In 2004, EPA classified the Valley as "Extreme” non-attainment 
for this standard, meaning that reaching the standard, at that time, was deemed 
impossible. 


Figure 2 Reduction in Hours Over 1-Hour Ozone Standard 
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Exceedances of the 1997 and 2008 federal 8-hour ozone standards have dropped by 42% 
and 30% since 1992, respectively (see Figure 3). 



In addition to ozone improvements, the Valley has also seen significant improvements in 
particulate matter levels. The District's residential wood burning curtailments and 
landmark Conservation Management Practices rule both proved critical in assisting the 
Valley to eliminate exceedances of the federal PM 10 standard and reach attainment of the 
standard in 2005 (see Figure 4). 
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riie Valley's 24-hour PM2.5 “design values,” used lo measure progress relative to the 
federal standard, have dropped by 40% since 2001, and are now below the 1997 federal 
24-hour PM2.5 standard of 65 pg/m^. 

Remaining Challenges 

Despite the significant progress that has been made, many air quality challenges remain. 
EPA has published two standards for 8-hour ozone that the Valley does not meet. The 
first was published in 1 997, and the second was published in 2008. These standards are 
expressed as a “design value” level. The Valley has seen a downward trend in 8-hour 
design values, but there is .still a long way to go (Figure 5), In order to meet the 1997 
federal ozone standard it is estimated that the Valley would need to reduce emissions by 
75% from 2005 levels. In developing a plan for that standard, it was determined that the 
technology does not currently exist to obtain sufficient reductions to meet the standard. 
Because of this, the Valley was designated as an “extreme” non-attainment area for the 
1997 standard. Since that time, EPA has published a new federal ozone standard (2008 
Standard) that will require reductions in excess of 90%. Reductions of this magnitude 
may not be possible without a virtual elimination of fossil fuel combustion and transition 
to zero-emissions technology (Figure 6). In December, 2014 EPA published yet another 
ozone standard that will require even further reductions. 


Figure 5 Trend in 8-hour Design Value 
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Figure 6 Reductions Needed to Meet 8-hour Standards 
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Until the exceptional weather conditions experienced due to the recent drought, the 
District was on track to attain the 1997 annual PM2.5 standard before the federally 
mandated deadline of December 2014. The District’s 2008 PM2,5 Plan satisfied all 
federal implementation requirements for the 1997 PM2.5 standard at the time of adoption 
and demonstrated attainment based on projected 2012-2014 P1V12. 5 levels. All emission 
reduction commitments under that plan have been fulfilled. Due to the extreme drought, 
stagnation, strong inversions, and historically dry conditions experienced over the winter 
of 2013/14, the Valley cannot show attainment even if the Valley experienced zero 
PM2.5 pollution for the last three quarters of 2014. 

In addition to the historically strong atmospheric stability, the winter of 2013/14 also 
experienced record low precipitation totals, with some locations breaking records over 
100 years old. These unprecedented dry conditions exacerbated the air quality challenge 
during the winter of 2013/14. As a result of the extreme meteorology experienced in the 
Valley, PM2.5 concentrations reached peak levels that had not been recorded in over a 
decade, which in turn has increased the Valley’s federal PM2.5 design values, making the 
journey to attainment of the PM2.5 standards even more difficult. 
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2015 LEGISLATIVE PRIORITIES 


The following legislative priorities will provide policy guidance for legislative action and 
recognize the unique needs of the District during the upcoming legislative session: 

1. (Federal) Streamline Implementation of the Clean Air Act: Since its adoption, the 
Clean Air Act has led to significant improvements in air quality and public health 
benefits throughout the nation. However, in areas of the nation with mature local air 
quality management programs, we have reached the point of diminishing returns. After 
more than 20 years since the last amendments to the Clean Air Act in 1990 (CAA), our 
experience shows that many well-intentioned provisions are leading to unintended 
adverse consequences. The antiquated provisions of the Clean Air Act are now leading 
to confusion, and lack of updated congressional directive has rendered courts as policy 
makers. 

The District supports the well-intentioned concepts in the Clean Air Act that call for 
routine review of health-based air quality standards, clean air objectives that are 
technology-forcing, and clean-air deadlines that ensure expeditious clean-up and timely 
action. We recommend the Act be amended to allow for consideration of the following 
critical factors in establishing attainment deadlines and implementation milestones for 
new standards (A full discussion of these issues can be found in Appendix A): 

• Upcoming Health Standards and Associated Deadlines are impossible to 
Meet. The Clean Air Act requires that EPA set ambient air standards based 
solely on health impacts and the timelines for meeting the new standards are 
prescribe by the act with no ability to consider economic or technological 
feasibility. 

We recommend the Act be amended to allow for consideration of the following 
critical factors in establishing attainment deadlines and implementation 
milestones for new standards: 

• Natural environment (elimate, geography, topography) 

• Magnitude of the needed emission reductions 

• Availability of technology (maturity of existing control program, time 
needed to develop new technologies) 

• Economic feasibility 

• Pollution transport from other regions and countries 

The Act should allow region-specific deadlines that take into account the above 
considerations subject to review and approval by EPA. 


• The current five year review of standards is too short and has led to 

overlapping requirements and chaotic transitions between standards. Under 
the current system, EPA is finalizing new standards for pollutants prior to a 
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thorough review of plans for the previous standards. Currently, in the San 
Joaquin Valley there are six active SIPs in place for ozone and particulate matter, 
including one for a standard that was revoked. There is a great deal of overlap, 
confusion, and redundancy as multiple plans for the same pollutant are at play. 

We recommend a tv\'o-fold solution. First, we recommend that the timeline for 
standard review be extended. Second wc recommend that new standards and the 
associated mandates subsume those associated with the old standard with 
adequate safeguards to prevent any backsliding. 

• Requiring contingency measures in extreme nonattainment areas is irrational 
and unnecessary. The Clean Air Act requires all attainment plans to include 
contingency measures, defined as extra control measures that go into effect without 
further regulatory action, if planned emissions controls fail to reach the goals or 
targets specified in the attainment plan. These requirements do not make sense in 
'‘extreme” non-attainment areas, that by definition have already implemented all 
available and foreseeable measures and still need additional, yet to be identified 
technologies to reach attainment. 

Wc recommend that the Act be amended to waive the requirement for contingency 
measures in areas classified as ‘‘extreme” non-attainment by EPA. 

• Section 185 of the Clean Air Act, which requires businesses in “Severe" and 
“Extreme” non-attainment areas to pay non-attainment penalty fees, is unfair 
and ineffective. When Section 1 85 was first enacted by the United States Congress, 
it was intended to serve as a hammer compelling stationary sources to install 
additional controls to reduce emissions and expedite attainment. Given today’s 
circumstances, however, these fees, if applied to stationary sources, will not have the 
intended impact in San Joaquin Valley. Most stationary sources in the San Joaquin 
Valley are already equipped with Best Available Retrofit Control Technology 
(BARCT) or Best Available Control Technology (BACT). Under these 
circumstances, Section 185 has become a punitive fee with no real ability by most 
facilities to reduce their emissions. The only options available to Valley businesses to 
reduce or avoid the fees would be to curtail production or go out of business. Given 
the Valley’s chronic high unemployment rates combined with the current global and 
regional economic distress, the consequences can be devastating. 

EPA has devised and approved alternative means of complying w'ith Section 1 85 
requirements through the use of revenue from other sources. This approach, 
however, has been legally challenged by some groups arguing lack of authority by 
the EPA. To remove legal uncertainty surrounding this matter, we recommend 
that the Act be amended to repeal Section 1 85 penalties for businesses that have 
already employed Best Available Control Technology, or amend the Act to codify 
the alternative compliance means approved by EPA. 
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The Clean Air Aet requirements for severe and extreme ozone 
nonattainment areas to address vehicle-related emissions growth must be 
clarified. CAA section 1 82(d)(1)(A) requires such areas to develop enforceable 
transportation control measures (TCMs) and transportation strategies “to ojfsel 
any growth in emissions from growth in vehicle miles traveled ... and to attain 
reduction in motor vehicle emissions as necessary. " An area’s vehicle miles 
traveled (VMT) may increase due to increases in populalion (i.e., more drivers), 
people driving further (i.e., spraw'l), or increases in pass-through traffic (i.e., 
goods movement). 

Historically, EPA has allowed the use of vehicle turnover, tailpipe control 
standards, and the use of alternative fuels to offset the expected increase in VM'f 
and related emissions. A recent court decision, has called EPA’s current approach 
into question. Any change in approach that w'ould require regions to offset vehicle 
growth regardless of population growth, and without recognition of emission 
reduction measures such as vehicle turnover and tailpipe control standards, would 
have a significant impact on many regions’ ability to develop an approvable 
attainment strategy and, under a strict interpretation, would actually render 
attainment impossible. A less inclusive section 182(d)(1)(A) approach would 
effectively penalize nonattainment areas for having population growth, and would 
not give credit to the significant emissions reductions being achieved from motor 
vehicles. To illustrate this issue, such an interpretation applied to the District’s 
1997 8-hour ozone standard attainment plan would require the elimination of 5.1 
million vehicles, while the vehicle population of the Valley is projected to be only 
2.6 million vehicles in 2023. 

EPA established guidance to address this issue that provides a potential path for 
reasonably addressing this CAA requirement. However, the path provided under 
this guidance will undoubtedly be challenged in court as it is utilized by regions 
like the San .loaquin Valley in the coming years. To provide certainty moving 
forward, the CAA should be amended to clearly include the methodology for 
reasonably satisfying this requirement. 

t ransition to Health Risk-Based Approach in lieu of the Current Mass Based 
Approach. The new standards being considered by EPA encroach on background 
concentrations in the San Joaquin Valley, and will require significant reductions in 
emissions from the already lower levels that have been achieved through decades of 
implementing clean air strategics. In light of these difficult circumstances, it is 
imperative to craft innovative implementation strategies that enable regions with 
mature air quality programs to focus efforts on meeting new standards in the most 
expeditious fashion through deployment of scarce resources in a manner that provides 
the utmost benefit to public health. Towards that end, we recommend a more 
strategic approach in which public health serves as the key factor in prioritizing 
control measures, regulated pollutants, and sources of emissions. Utilizing a “Health 
Risk-Based” approach in lieu of the current “Mass-Rased” approach in implementing 


9 



493 


health-based standards would provide a more cost effective and health protective 
framework. 

The current mass-based approach can essentially be characterized as a shotgun 
approach where all pollutants and their species are treated equally regardless of their 
public health impact. By contrast, a health risk-based approach will be a more 
.strategic approach that targets pollutants and species that have the greatest impact on 
improving public health. Under the health risk-based approach, the following 
scientific factors could take taken into account in establishing standards and 
associated clean air strategies: 

• Particle size and surface area 

• Chemistry and toxicity 

• Effect on formation or reduction of secondary pollutants (e.g., NOx and VOC 
impact on ozone formation, ammonia and ammonium nitrates) 

For example, the latest health research has shown that with regard to PM2.5, not all 
particles are the same, and that the multiple types of PM2.5 have a significantly 
varying severity of health effects. EPA has recognized this in its consideration of 
potential new PM2.5 standards and, while not proposing a strategic approach that 
takes this science into account, has cited the potential of developing strategies in the 
future that utilize a more targeted approach than the existing “mass-based approach” 
that treats all PM2.5 the same. 

2. (State) Increase State Subvention Funding to Provide More Support for 
Unfunded Mandates: Local air pollution control and air quality management 
districts receive subvention funds to support important local air program activities. 
These funds are allocated from the Motor Vehicle Account through the budget of the 
California Environmental Protection Agency, under the Air Resources Board section. 
Local subvention funds were initially provided in 1972, and were increased several 
times to address the costs of inflation. Despite a significant increase in unfunded 
mandates, for over twenty years there have been no adjustments for inflation, or 
added responsibilities. The District, therefore, supports an increase in Subvention 
funds to help offset increases in costs and responsibility. The District currently 
receives $900,000 per year which is less than 2% of the District’s annual operating 
budget. 

3. (State) Policies/Guidelines for the Carl Moyer Program: The Carl Moyer 
Program has been a valuable source of incentive funds to obtain voluntary 
emissions reductions from mobile sources of emissions. AB 8 was recently 
adopted to extend funding for the Carl Moyer program through 2023. The 
following policies should guide the state as new guidelines/requirements are 
developed for the program through the new sunset date: 

a) The focus of the Carl Moyer Program should continue to be the reduction 
of criteria pollutants. Efforts to include greenhouse gas emissions projects 
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should only be considered as co-benefits to projects that are principally 
designed for the reduction of criteria pollutant emissions. 

b) Regional funding formulas should continue to utilize a region’s non- 
attainment status, and the severity of the air quality problem, as the 
primary factor in determining the regional breakdown of statewide Carl 
Moyer funding. 

c) With respect to regulatory deadlines, incentive funding should be 
decoupled from regulatory enforcement. Projects that provide cost- 
effective and surplus emission reductions should be eligible for funding 
regardless of compliance status with respect to regulatory deadlines. 

4. (State) Cap and Trade Revenues; The cap and trade program implemented by 
ARB sets up a mechanism by which affected sources can procure allowances or 
offsets to meet specified and declining caps on their greenhouse gas emissions. In 
other words, affected sources will be allowed to invest in reductions in other areas 
as mitigation for their local emissions. This scenario can potentially lead to 
adverse impacts in areas that are already disproportionately impacted by criteria 
pollutant emissions. The Cap and Trade Program generates in excess of $1 billion 
annually. The state allocates these funds to programs across a number of state 
agencies. The following overarching policies should be applied as the state 
considers funding projects and programs from the Greenhouse Gas Reduction 
Fund: 

a) Projects funded with Cap and Trade revenues should achieve greenhouse 
gas reductions, with priority given to projects that achieve reductions in 
criteria pollutants as well. 

b) A portion of Cap and Trade revenues should be directed to projects in 
areas that are already disproportionately impacted by air pollution. 

c) Policies should be put in place to ensure that programs funded with Cap 
and Trade revenues meet or exceed the provisions of SB 535 that require a 
minimum of 25% of the Cap and Trade revenue be .spent to benefit 
disadvantaged communities and that 10% of the revenue be spent in those 
communities. In detennining what communities are disadvantaged, the 
state is required to prioritize communities that face significant 
environmental challenges as well as economic challenges. 

5. (State/Federal) Oppose Climate Change Measures that Result in Public 
Health Detriment Due to Increases in Criteria or Toxic Air Emissions: 

Although climate change measures provide for many co-benefits in reducing both 
greenhouse gasses and criteria pollutant emissions, there are some measures that 
may lead to increases in criteria pollutant or toxic emissions. Therefore the 
District will support reasonable climate protection measures that reduce 
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greenhouse gas emissions as well as toxic and criteria pollutants. The District 
will oppose climate change measures that are detrimental to public health by 
leading to increases in toxic or criteria pollutant emissions in already impacted 
areas, 

6. (State/Federal) Disadvantaged Community Policies: The San Joaquin Valley 
is home to a number of disadvantaged communities that deserve care and 
attention. The District will adhere to the following principles in pursuing efforts 
to identify and address the needs of these communities; 

a) The District will support measures that improve quality of life and economic 
welfare. In identifying communities of need, both socioeconomic and 
environmental impacts should be considered. The District supports CalEPA’s 
California Communities Environmental Health Screening tool 
(CalEnviroScreen) as the appropriate tool for identifying disadvantaged 
communities. 

b) The District considers poverty as a key factor contributing to diminished 
public health and will oppose efforts that lead to “redlining” these 
communities and inhibit economic growth. 

c) The District will support efforts to target additional state and federal resources 
to mitigate issues faced in disadvantaged communities. 

d) The District will oppose measures that dilute local control by diverting local 
revenues or the authority over the expenditure of local resources to the state or 
federal government. Reduced local control will weaken local enforcement 
programs. Local agencies are better suited to efficiently and effectively 
identify and address community needs. 

7. (Statc/Federal) Seek funding and other support from the State Air Resources 
Board and Federal Environmental Protection Agency (EPA) to install and 
operate additional air quality monitoring instruments throughout San 
Joaquin Valley: The District operates one of the most extensive air monitoring 
networks in the nation. Data from these monitors is utilized to measure progress 
and assess the need for further reductions needed to attain ambient air quality 
standards established by EPA. Moreover, the District is also committed to 
providing accurate and timely air quality information to educate and empower the 
public to protect themselves during poor air quality episodes. This is 
accomplished utilizing the air monitoring data through tire District’s first-in-the- 
nation Real-Time Air Advisory Network (RAAN). 

installation, operation and maintenance of the Districts air monitoring network is 
resource intensive. The District’s annual operating appropriation for air 
monitoring is approximately $2.9 million. The increase in federal mandates 
relating to air monitoring (more monitors and more labor intensive QA/QC and 
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reporting procedures for existing monitors) combined with the need for more 
monitoring capabilities to satisfy the District’s initiative to provide neighborhood 
by neighborhood air quality information require additional resources. 

8. (State/Federal) Support efforts that provide for cost-effective alternatives to 
open burning of agricultural waste: In 2003, state law was amended to require 
the District to the limit open burning of agricultural material in accordance with a 
phased-in schedule of deadlines. In addition to those requirements, the state law 
authorizes the District to postpone the burn prohibition dates for specific types of 
agricultural material if the District makes three specific determinations and the 
Air Resources Board (ARB) concurs. The determinations are: (1) there are no 
economically feasible alternatives to open-burning of the specific type of 
material; (2) open-burning the specific type of material will not cause or 
substantially contribute to a violation of a National Ambient Air Quality Standard 
(NAAQS); and (3) there is no long-term federal or state funding commitment for 
the continued operation of biomass facilities in the Valley or the development of 
alternatives to burning. Working closely with the stakeholders over the years to 
identify economically feasible alternatives to open burning of various agricultural 
materials, the District has achieved an 80% reduction in agricultural burning. 

Given current energy policy in California, biomass power facilities, which are one 
of the primary alternatives to agricultural burning, are in jeopardy. Many biomass 
plants in the Valley are nearing the end of their long-term contracts with utilities 
and find themselves in a position where the power that they provide is not the 
type of power that utilities are seeking (baseioad vs. intermittent) and that the 
prices being offered for new contracts are too low to support their operations. 

The District will support efforts to help level the playing field and provide fair 
competition between biomass plants and other renewable sources of power. The 
District will also support research and development of alternatives to the open 
burning of agricultural waste. 

9. (State/Federal) Technology Advancement: The San Joaquin Valley Air Basin is 
classified as an “Extreme” non-attainment area for ozone. This means that that 
technology does not currently exist to bring the region into attainment of the 
federal ozone standard. Meeting the newest air quality standards will require 
transformative measures and technologies to achieve near zero emissions. In 
order to further develop technology to close the gap in required emissions 
reductions, the District operates a Technology Advancement Program. Along 
with its own resources, the District is seeking state and federal assistance to 
advance technology in the following areas: 

a) Mobile sources projects that demonstrate zero- or near-zero-emissions 
solutions to mobile source categories with emphasis on goods and people 
movement, off-road equipment, or agricultural equipment. 


13 



497 


b) Renewable energy projects that focus on overcoming the barriers that prevent 
the use or adoption of zero-emission renewable energy sources or reduce 
emissions from renewable energy systems to make them cleaner than 
comparable non-renewable alternatives. 

c) Waste solutions projects that focus on waste systems or technologies that 
minimize or eliminate emissions from existing waste management systems 
and processes, including w'aste-to-fuci systems, such as dairy digesters and 
other bio-fuel applications. 

10. (State/Federal) Support adequate resources and policies to reduce the impact 
of wildfires and their attendant public health impact: Wildfires result in 
significant loss of life and property. Air pollution generated from wildfires is 
enormous and well exceeds the total industrial and mobile source emissions in the 
San Joaquin Valley. These emissions result in significant adverse public health 
impacts in the San Joaquin Valley and in many regions throughout California. In 
the summer of 2008, California experienced a record number of wildfires, and the 
resulting emissions caused serious public health impacts and unprecedented levels 
of PM2.5 and ozone in the San Joaquin Valley and other regions throughout the 
state. Historically clean rural areas throughout the state and in the San Joaquin 
Valley experienced their worst air quality in decades, and pollutant levels and the 
number of daily exceedances of the health-based standards were significantly 
higher than ever before in recorded history. 

Reducing wildfires and the resulting air pollutants requires a sustained and multi- 
faceted approach that employs effective measures to reduce fuel supplies and 
adequate resources to manage fires when they occur. Towards that end, the San 
Joaquin Valley Air Pollution Control District supports policies and initiatives that 
would encourage rapid disposal of the fuel supply, including the following: 

a. Additional financial and staffing resources for public and private land 
managers to conduct prescribed burning as an effective means for 
reducing fuel supplies that lead to large and uncontrollable wildfires. 

b. Additional resources to manage wildfires when they occur. 

c. Lessening or removal of contradictory environmental protection policies 
that prohibit the use of mechanized methods, or prescribed burning to 
reduce fuels when those are the only feasible methods available. 

d. Changes in the federal policies that better incorporate air quality concerns 
by shifting focus to prescribed burning and employing fire management 
techniques that reduce air quality impact when wildfires occur. 
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GENERAL PRINCIPLES OF THE LEGISLATIVE PLATFORM 


The following general principles will provide policy guidance for legislative action; 

LOCAL : To fulfill the goals of the District, to maintain the ability to develop and 
implement control strategies to address stationary and area pollutants, and to achieve 
ambient air quality standards, the following principles will guide District policy: 

1 . Support legislation that retains the Governing Board’s control over the use of 
emission reduction credits (ERCs) throughout the Valley. 

2. Oppose legislation that usurps the District’s authority to determine the cost- 
effectiveness of proposed District rules. 

3. Support legislation that encourages the management of air quality on a regional 
basis, particularly in the Valley, and not on a statew'ide basis, in order to assure 
that local concerns are recognized. 

4. Support and actively advocate increases in the District Subvention based on 
inflation and increased mandates. 

5. Support legislation that retains local enforcement and discretionary authority for 
Notices to Comply/Notices of Violation (NTC/NOV fines, adjudication, etc.). 

6. Support legislation that promotes the creation and use of District-operated self- 
audit and inspection programs. Such legislation will enhance the District’s ability 
to offer incentive- based programs to Valley businesses in ways that do not 
conflict with state and federal law. 

7. Oppose all legislation that transfers any part of local permitting authority to the 
state or federal governments. Past transfers of the Di.strict’s permitting authority 
have proved to prolong the permitting process without any corresponding benefit 
to air quality. 

8. Oppose legislation that limits the District’s ability to regulate the installation or 
utilization of wood-burning fireplaces and wood-burning heaters. 


PROPORTIONAL MOBILE AND STATIONARY SOURCE CONTROLS : To 

achieve emissions reductions that arc adequate to attain air quality standards, it is 
imperative that all sources are adequately controlled according to their contribution the 
Valley’s air quality challenges. In order to achieve this objective, the following 
principles will guide District policy. 

1 . Continue to support legislation that requires the USEPA to develop and 
implement programs that effectively and efficiently control interstate mobile 
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sources including, but not limited to, trains, trucks, boats, and planes. Support 
federal actions that will provide cleaner operating vehicles. Support legislation 
that requires improved emission standards for buses. 

2. Support legislation that requires federal sources, including trains, trucks and 
ships, to contribute their “fair share” of the emission reductions required for 
attainment of air quality standards in the San Joaquin Valley. This would include 
mitigating emissions associated with the implementation of the North American 
Free Trade Agreement, requiring more stringent controls on locomotives, and 
reducing emissions from ships while they arc in port. 

STATE/FEDERAL : To support state and federal means of addressing, without 
duplication, the need for better air quality in the San Joaquin Valley, and to support state 
and federal actions that are effective and economically feasible, the following principles 
will guide District policy; 

1 . Support state and federal legislation that would preserve and enhance the ability 
of local governments to adequately finance mandated and essential services. 

2. Support federal legislation or regulations that alleviate admini.strative burdens that 
are unnecessary for the protection of air quality, associated with permitting 
requirements. 

3. Support legislation to streamline the permitting process at the local level that is 
efficient and effective. Oppose legislation that negatively affects the District’s 
ability to protect and improve air quality. 

4. Support legislation to reduce the duplicative oversight responsibilities of .state 
agencies and boards vis a vis the regional air districts. 

5. Support legislation that eliminates duplication between state and federal air 
quality agencies. Allow a single permit system that satisfies both state and federal 
regulations. California has the strictest air quality standards in the country. 

Federal duplieation only hinders business and does not improve air quality. 

6. Sponsor or support legislative options that would increase funding to the District 
to develop Valley-specific options for attainment. 

7. Support legislation that promotes energy conservation and efficiency programs 
for energy end-users. Reduced energy use will result in lower pollutant emissions 
and a more stable electrical distribution system. 

8. Support legislation that allows “net metering” or feed in tariffs for alternative 
energy projects. 
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9. Support legislation that encourages low-emission utilization of waste gas as an 
alternative to waste gas venting or flaring. 

1 0. Seek adequate funding from ARB and EPA to implement state and federal air 
quality mandates. 

1 1 . Oppose efforts to allow the sale and use of safe and sane fireworks outside of the 
period surrounding the 4th of July. 

12. The District supports the establishment of an Air Quality and Health 
Empowerment Zone Designation that would provide financial assistance to 
regions that have significant air quality, health, and economic challenges. This 
new program would provide financial assistance for incentive programs in areas 
that face significant air quality, health, and economic challenges. Given the 
Valley’s air quality challenges and continued double digit unemployment rates, 
the Valley would be a prime candidate for designation under this new program. 
The program would provide a mechanism for ongoing appropriations for 
incentive programs to accelerate the introduction of new emissions reduction 
technologies. 

MOBILE SOURCE AND TRANSPORTATION : To address issues dealing with 
mobile source reductions and transportation alternatives,- to achieve mobile source 
reductions in addition to those currently approved in air attainment plans; to create 
market-based incentives for mobile source emissions; and to encourage and promote 
public transportation improvements; the following principles will guide District policy: 

1 . Support funding for mobile source reductions. 

2. Support legislation that provides options for local air districts for pilot incentives 
to reduce mobile source emissions. 

3. Support state and federal legislation and regulations to further promote eost- 
effective and clearly defined strategies associated with vehicle emission 
reductions and effective statewide vehicle Inspection & Maintenance programs. 

4. Support legislation to assist regional transportation authorities’ efforts for multi- 
modal transit systems that ensure ongoing growth in ridership by promoting and 
encouraging maximum public use. 

5. Support measures that will improve the efficiency and effectiveness of the smog 
check program including reducing testing cost, better mechanisms to identify high 
emitters, and enhanced oversight of the smog-check stations. 

6. Support legislation and efforts to enhance interregional transit options that 
provide an alternative to driving. This should include options for the movement 
of both people and goods within the San .Toaquin Valley and to adjacent regions. 
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7. Oppose legislation that restricts the District’s use of Governing Board-authorized 
funds for cost effective emission control projects. 

8. Support legislation that simplifies Transportation Conformity compliance and 
synchronizes conformity related transportation planning requirements with air 
quality planning requirements and deadlines. 

9. Support legislation that puts organizational structures in place that facilitate inter- 
regional and intra-regional solutions for the efficient movement of people and 
goods through the San Joaquin Valley utilizing a variety of transportation modes. 

10. Support air quality funding and programs in the federal transportation bill re- 
authorization. The following are general principles to guide the District during 
the development of federal surface transportation reauthorization legislation. 

a. Transportation Sources and Air Pollution-Provisions should be included 
which improve air quality and reduce health impacts on the public. 

b. Congestion Relief and Air Quality-Transportation projects designed to 
reduce congestion must also be designed to help improve air quality. 

c. Projects with Specific Air Quality Bcnefits-Programs in the bill should 
ensure that a sizeable portion of federal transportation funds should be 
reserved for purposes that are designed to substantially reduce air 
pollution in the transportation sector. 

d. Conformity Provisions Must Be Strengthened-Efforts should be made to 
strengthen existing “transportation conformity” requirements so they 
implement all feasible emission reductions and achieve the reductions 
needed for long-term air quality attainment. 

e. Funded Projects Should Achieve Emissions Benefits Commensurate with 
Regional Air Quality Needs -Pollution reductions should be sufficient so 
that the transportation sector contributes its fair share to timely attainment 
of National Ambient Air Quality Standards. Needed emission control 
actions may vary by area with the most aggressive emission controls 
required in areas vvith the most difficult attainment challenges. 

f. Urge Zero-Emission Technologies in “Extreme” Ozone Nonattainment 
Areas-Due to the large additional emission reductions needed in Extreme 
Ozone nonattainment areas, programs should be established for projects 
that utilize zero emission technologies, including, but not limited to, 
electrification. 
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g. GHG Emissions and Criteria Pollutants-Projects that reduce or offset 
greenhouse gas emissions, or contribute to a set-aside-fund for Gl lG 
reduction, should be included and efforts to reduce greenhouse gas 
emission levels should be undertaken in concert with efforts to reduce 
criteria and toxic pollutants. Actions to produce GHG offsets should not 
result in greater emissions of toxic or criteria pollutants. 

h. Authorize Projects Reducing Emissions-Priority consideration should be 
made to authorize funding for projects that support the long-term 
attainment needs of an area, including, but not limited to programs that 

• include or facilitate the use of public transit and efficient rail, 

• are built with the cleanest construction equipment available, and 

• include the use of low-emission equipment where state and local 
governments would be preempted from requiring emission controls. 

i. Funding Requirements-Programs that achieve transportation goals .should 
he designed with requirements, conditions, or even mandates that ensure 
that projects funded through those programs achieve documented air 
quality benefits. 

j. Funding sources-Altemative and creative sources of funding which 
increase the amount of funds allocated for surface transportation and/or air 
quality should be encouraged. 

k. Air Quality Agency Participation in Decision Making Process-Decisions 
to fund projects or programs should be made with involvement by state air 
quality agencies or, in states which have local air quality agencies, by such 
local agencies and such funding must be consistent with the respective 
State Implementation Plan. At a minimum, air agencies should approve 
emissions impact estimates and determine compliance witli air quality 
funding criteria, such as those specified above. 

l. Increase Maximum Truck Weight Limit-The District supports increasing 
the federal truck weight limit to 97,000 provided any potential safety and 
highway maintenance issues are addressed. 

ALTERNATIVE COMPLIANCE OPTIONS : To have the ability to provide for 
compliance flexibility when dealing with businesses addressing air quality rules and 
regulations, and to ensure that alternative eomplianee options provide adequate measures 
to at least meet the required emission reductions necessary, the following principles will 
guide District policy: 

1. Support legislation that provides for market-based incentives that achieve 
equivalent reduction in air emissions in a more eost-effective fashion. 
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2. Oppose legislation that diminishes the District’s ability to write permits that are 
practical and enforceable. 

3. Support legislation that would prohibit an increase in assessed property value for 
new equipment installed solely for the purpose of meeting the requirements of 
District Rules and Regulations. 

4. Support legislation that encourages the generation of mobile source emission 
reduction credits. 

TOXIC AIR EMISSIONS : To ensure the protection of public health and to minimize 
exposure to significant toxic pollutants, the following principles will guide District 
policy: 


1 . Oppose legislation that results in the release of cancer-causing and other toxic 
emissions in quantities that pose significant risks to public health. 

2. Support legislation that upholds the requirement for public notification when 
significant toxic pollutants are located in close proximity to a given 
neighborhood. 

3. Support legislation that allows for the integration of state and federal air toxic 
mandates while protecting public health. 

4. Support legislation that calls for cleaner-burning alternative fuels. 

5. Support measures that result in early risk reduction without costly and 
unnecessary risk assessment work. 
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I 


113th congress 
2d Session 


H. R. 5505 


To improve tlie establisliirient of any lower ground-level ozone standards, 
and for otlier puiposes. 


IN THE HOUSE OF REPRESENTATIVTSS 

September 17, 2014 

Mr. Oi-SON (for himself, Mr. Latta, Mr. SiiHiici'S, Mr. WEBER of Texas, Mr. 
Cassidy, Mr. Flores, Mr. Smith of Texas, Mr. ILviaj, Mr. McClin- 
TOCK, Mr. IIui.TGREN, Mr. Tipton, Mr. McKinley, Mr. SjMITH of Mis- 
souri, Mr. Jones, Mrs. Noem, Mi-s. Lemmis, Mr. Pompeo, Mr. Harper, 
Mr. Brady of Texas, Mr. Long, Mr. Johnson of Ohio, and Mr. 
Chellar) introduced the following bill; which ivas referred to the (.'oiri- 
rnittee on Energy and Coiinnerce 


A BILL 

To iin]:irove the estfiblishineiit of any lower ground-level ozone 
standards, and for other jiurposes. 


1 Be it enacted by the Senate and. House of Representa- 

2 fives of the United States of America in Congress assembled, 

3 SECTION 1. SHORT TITLE. 

4 This Act may be cited as the “Clean i\ir, Strong 

5 Economies Act”. 

6 SEC. 2. GROUND-LEVEL OZONE STANDARDS. 

7 Notwthstanding any other provision of law (includ- 


8 ing regulations), in promulg’ating a national primaiy or 
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1 secondaiy ambiciit air quality staudard for ozone, the Ad- 

2 ministratoi' of the Enviroiiincntal Protection Agency — 

3 (1) shall not propose a national primary or sec- 

4 onclaiy ambient air quality standard for ozone that 

5 is lower than the staudard established under section 

6 50.15 of title 40, Code of Federal Regulations (as 

7 in effect on January 1, 2014), until at least 85 per- 

8 cent of the counties that were uonattainment areas 

9 under that staudai’d as of January 1, 2014, achieve 

10 full compliance until that standaitl; 

11 (2) shall only considei- all oi' part of a county 

12 to be a nonattainrnent ai-ea under the standard on 

13 the basis of direct air quality monitoi’ing; 

14 (3) shall take into consideration feasibility and 

15 cost; and 

16 (4) shall include in the regulatorj’ impact anal- 

17 ysis for the proposed and final rule at least 1 aiial- 

18 ysis that does not include any calcidation of benefits 

19 I’csulting from reducing emissions of any pollutant 

20 other than ozone. 

O 
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II 


113th congress 
2d Session 


S. 2514 


To amend the Clean Air Act to delay the reGew and rerision of the national 
anibient air quality standards for ozone. 


IN THE SENATE OP THE UNITED STATES 

June 24, 2014 

ITr. Fi..\.ice (for himself, Mr. McC.UN, Mr. RiscH, Mr. WiCKEE, Mr. ClUPO, 
air. Sessions, Mr. Johnson of Wisconsin, Mr. Vitter, Mr. Enzi, Jlr. 
B.mR-VSSO, Mr. Coats, Mr. Cor.wn, and Mr. Tiiune) introduced the 
folloniiig bill; which was read twice and referred to the Coniinittee on En- 
vironment and Ihihlie Works 


A BILL 

To amend the Clean Air Act to delay the review and revision 
of the national ambient air quality standards for ozone. 


1 Be it enacted by the Senate and House of Represenia- 

2 tives of the United States of America in Congress assembled, 

3 SECTION 1. SHORT TITLE. 

4 Tliis Act may be cited as the “Ozone Regiilatory 

5 Delay and Extension of Assessment Length Act of 2014” 

6 or tlie “ORDEAJj Act of 2014”. 

7 SEC. 2. NATIONAL AMBIENT AIR QUALITY STANDARDS. 

8 Section 109(d) of the Clean Air Act (42 U.S.C. 


9 7409(d)) is amended- 
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1 (1) ill paragraph (1) — 

2 (A) in the first sentence, by striking 

3 “(d)(1) later than December 31, 1980, and 

4 at five-year inteiTOls” and inserting the fol- 

5 lowing; 

6 “(d) RE’SnEW AND Revisiox op Critekev ^vnd 

7 Standards; Independent Scientific Review Com- 

8 MITTEE; AI’POINTAIENT; iUmSORY FUNCTIONS. — 

9 “(1) RfATEW and REtTSION OP CRITERIA AND 

10 STANDARDS. — 

11 “(A) In generau. — Except as proAicled in 

12 subparagraph (C), not later than December 31, 

13 1980, and at 10-year inteivals”; 

14 (B) in the second sentence, by striking 

15 “The Administrator” and inserting the fol- 

16 lowing: 

17 “(B) E^VRIW and FREQUENT REATEW AND 

18 REVISION. — Excejit nitli respect to any national 

19 ambient air finality standard iironiulgated 

20 under this section for ozone concentration.s, the 

21 Administrator”: and 

22 (C) by adding at the end the folloADiig; 

23 “(C) NATIONUtL *tMRIENT MR QILALITY 

24 STANDARDS FOR OZONE CONCENTRATIONS. — 

25 Not earlier than February 1, 2018, but not 


•S 2514 IS 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


3 

later than December 31, 2018, and at lO-year 
internals thereafter, the Administrator shall, 
\Ath I’espect to national ambient air quality 
standards for ozone concentrations — 

“(i) complete a thorough re\4ew of 
any standard laromulgated under this sec- 
tion; and 

“(ii) make rcAusions to the standards 
described in clause (i) and promulgate new 
standards as may be appropriate in accord- 
ance nith section 108 and subsection (b).”; 
and 

(2) in paragraph (2)(B) — 

(A) by striking “(B) Not later than Janu- 
ary 1, 1980, and at five-year intenuls” and in- 
sei’ting the following; 

“(B) Keview.— 

“(i) In gener^vl. — Except as pi'o- 
wded in danse (ii), not later than January 
1, 1980, and at 10-year interA’als”; and 

(B) by addirrg at the end the follomng: 

“(ii) Nationm^ ajmbient air qluu,- 

ITY ST.VNDARDS FOE. OZONE CONCENTRA- 
TIONS. — Not earlier than Febniaiy 1, 
2018, and at lO-year intenals thereafter, 


•S 2514 IS 



511 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


4 

the committee referred to in subparagrapli 
(A) shall, TOtli respect to national ambieut 
air quality standards for ozone concentra- 
tions — 

“(I) complete a re\iew of any 
standard promulgated under this sec- 
tion; and 

“(II) recommend to the Adminis- 
trator any new standard and any rew- 
sion to the standards described in 
suhclausc (I) as may be appropriate 
under section 108 and subsection 
(b).”. 

O 
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1 


113th congress 
2d Session 


H. R. 4947 


To amend the Clean Air Act to delay the review and revision of the national 
ambient air quality standards for ozone. 


IN THE HOUSE OP REPRESBNTzlTIVES 
JrxE 24, 2014 

Mr. S.vi.MON (for himself and Mr. Olsok) introduced the following bill; which 
was referred to the Committee on Energv- and Commerce 


A BILL 

To amend the Clean iUr Act to delay the retiew and retision 
of the national ambient air quality standards for ozone. 

1 Be it enacted by the Seiuite and House of Represent a- 

2 tives of the United States of America in Congress assemhted., 

3 SECTION 1. SHORT TITLE. 

4 This Act may be cited as the “Ozone Regulatory 

5 Delay and Extension of Assessment Length Act of 2014” 

6 or the “ORDEAL Act of 2014”. 

7 SEC. 2. NATIONAL AMBIENT AIR QUALITY STANDARDS. 

8 Section 109(d) of the Clean Air Act (42 U.S.C. 

9 7409(d)) is amended — 

10 (1) in paragTaph (1)— 
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1 (A) ill the first sentence, by striking 

2 “(d)(1) Not later than December 31, 1980, and 

3 at five-year intervals” and inserting the f'ol- 

4 lowing: 

5 “(d) Rei'ibw .vnd ItEvasiON op Critere\. and 

6 ST.VNDARDS; INDEPENDENT SCIENTTPTC REVIEW COM- 

7 Mn'TEE; Appointment; Advtsory Functions. — 

8 “(1) REMEW and REVISION OP CRITERLA AND 

9 STANDARDS. — 

10 “(A) In generaIj. — Except as prmided in 

11 subparagraiih (C), not later- than December 31, 

12 1980, and at 10-year irrtcrvals”; 

13 (B) in the second sentence, by striking 

14 “The Administrator” and inserting the fol- 

15 lowing: 

16 “(B) Early wnd frequent review .and 

17 REVISION.— Except with I'espeet to any national 

18 ambient air quality standard iiromulgated 

19 under this section for ozone concentrations, the 

20 Admini.strator”; and 

21 (C) by adding at the eird the following: 

22 “(C) National ambient air quality 

23 STANDARDS FOR OZONE CONCENTRATIONS. — 

24 Not earlier than Februar}^ 1, 2018, but not 

25 later than December 31, 2018, and at 10-year 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


3 

iiiten’als thereafter, the Administrator shall, 
with respect to national ambient air quality 
standards for ozone concentrations — 

“(i) complete a thorough review of 
any standard promulgated under this sec- 
tion; and 

“(ii) make re\nsions to the standards 
described in clause (i) and promulgate new 
standards as may be appropriate in accord- 
ance with section 108 and subsection (b).”; 
and 

(2) in paragraph (2)(B) — 

(A) by striking “(B) Not later than Janu- 
ary 1, 1980, and at five-year inteiwals” and in- 
serting the following: 

“(B) Review. — 

“(i) In GEN’EinUj. — Except as pro- 
vided in clause (ii), not later than January 
1, 1980, and at 10-year intennls”; and 

(B) by adding at the end the following: 

“(ii) National asibient ^vir qilvi,- 

ITY STiLNDiVItDS FOR OZONE CONCENTRA- 
TIONS. — Not earlier than February 1, 
2018, and at 10-year ijitennls thereafter, 
the committee referred to in subparagraph 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


4 

(A) shall, mill respect to national ainbient 
air quality standards for ozoiie concentra- 
tions — 

“(I) complete a reAew of any 
standard promulgated under this sec- 
tion; and 

“(II) recommend to the Adminis- 
trator any new standard and any revi- 
sion to tlie standards described in 
snbclanse (I) as may be appropriate 
under section 108 and sirbsection 
(b).”. 

O 
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113th congress 
2d Session 


S. 2526 


To amend the Clean iVir Act ^Gtli respect to exceptional event demonstrations, 
and for other purposes. 


IN THE SENATE OP THE UNITED STATES 

JrxE 25, 2014 

Mr. FiaIvE (for himself, Mr. McC.viN, Mr. Risch, Mr. CiUPO, Mr. IxnoFE, 
Mr. Sessions, Mr. Johnson of Wisconsiu, Mr. Vitter, Mr. Hatch, iMr. 
COKNYX, and Mr. Thhne) introduced the folloiving- bill; whicli was read 
tuice and i-eferred to the Committee on Emironment and Public IVorks 


A BILL 

To amend the Clean Air Act -with respect to exceptional 
et'ent demonstrations, and for other purposes. 

1 Be it enacted by the Sena,te and House of Representa- 

2 fives of the United States of America in Congress assembled, 

3 SECTION 1. SHORT TITLE. 

4 This Act may be cited as the “Commonsense Legisla- 

5 tive Exceptional Events Reforms Act of 2014”. 

6 SEC. 2. CLEAN AIR ACT EXCEPTIONAL EVENTS. 

7 Section 319(b) of the Clean Air Act (42 IJ.S.C. 


8 7619(b)) is amended — 

9 (1) in paragraph (1)(B) 
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(A) in clause (i), by inserting “or” after 
the semicolon; 

(B) b 3 " striking clause (ii); and 

(C) by redesignating clause (iii) as chuisc 
(ii); and 

(2) in paragraph (3) — 

(A) in subparagraph (B)(iv), by striking 
“to petition the Administrator to” and inserting 
“to submit a petition (in this section referred to 
as an ‘exceptional event demonstration’) to the 
Administrator to”; and 

(B) by adding at the end the following; 

“(C) Ckiterla. for determination of 

EXCEPTIONAL E^^NT DEMONSTILVITON. — 

“(i) In general. — The criteria for 
e\idenee, analyses, and docaimentation ap- 
plicable to approval or disapproval of an 
exeeiitional event demonstration under the 
regilations under this section .shall be stat- 
ed with .specificity in order to mirnmize the 
discretion of the Administrator in approv- 
ing or disapproAng that demonstration. 

“(ii) State participation. — The 
Administrator shall develop the criteria in 
conjunction with input from the States. 
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“(ill) Contents. — The criteria shall 
reflect the vamng levels of technical exiDer- 
tise and resources available in State and 
local agencies and the var\4ng availability 
of meteorological and other monitoring 
data in raral areas, and may vary ^\^th re- 
spect to different regions. 

“(iv) CONSlDER.\TTONS. — 111 devel- 
oping the criteria, the Administrator shall 
consider the use of an expedited or stream- 
lined approval process and conditions 
under which exceptional event demonstra- 
tions may be suitable for such a process. 
“(D) Timing of determination op ex - 

CEPTIONAI. EVENT DEMONSTILtTION. — 

“(i) DE.tDLINE FOR DETERiMINA- 
TION. — 

“(I) In GENERAL. — Not later 
than 90 days after submission of an 
exceptional event demonstratiou, the 
Administrator sliall approve, dis- 
approve, or request additional infor- 
mation from a State regarding the ex- 
ceptional event demonstration. 
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“(II) Administration. — If the 
Administrator does not approve, dis- 
apjirove, or request additional infor- 
mation relating to an exceptional 
event demonstration within the 90-day 
period desciibed in subelause (I), the 
demonstration shall be considered to 
be approved on the day after the date 
on which that 90-day period ends. 

“(ii) Deadi.ine ip .additiontvi. in- 

FORiLVTION REQUESTED. — 

“(I) In GENER-U.. — If the Ad- 
ministrator requests additional infor- 
mation from a State regarding an ex- 
ceptional event demonstration under 
clause (i), not later than 90 days after 
the submission of that additional in- 
formation, the Administrator shall ap- 
prove or disapprove the demonstra- 
tion. 

“(II) Administration. — If the 
Administrator does not approve or 
disapprove a demonstration for which 
additional information is submitted 
nithiii the 90-day period described in 
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subda.use (I), the demonstration shall 
he considered to he apijroved. 

“(E) Burden of proof. — Tlie regaila- 
tions ]:)ronnilg-ated under this section shall pro- 
vide that^ — 

“(i) a deterinination hy the Adminis- 
trator with respect to approval or dis- 
approval of an exceptional e^'ent dem- 
onstration he leased on a preponderance of 
the eddence; and 

“(ii) in making a determination, the 
Administrator — 

“(I) shall accord suhstantial def- 
erence to tlie findings of the State ex- 
ceptional event demonstration; and 
“(II) may develop and use anal- 
yses and consider ewdence not pro- 
dded in the exceptional event dem- 
onstration, subject to the condition 
that the analraes are developed by the 
Endronmental Protection Agency. 

“(F) Appeals. — 

“(i) DISAPPROVAIj. — 

“(I) In GENERAIj. — Subject to 
■subclause (II), disapproval by the Ad- 
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ministrator of an exceptional event 
demonstration shall be considered 
final action subject to judicial review 
under section 307(b). 

“(11) Loiitatiox. — Notu-ith- 

standing subclanse (I), disapproval by 
the Administrator of an exceptional 
event demonstration shall only be sub- 
ject to appeal by the State that sub- 
mitted the exceptional event dem- 
onstration. 

“(ii) Approval. — ^Approval by the 
Administrator of an exceptional event dem- 
onstration shall not be subject to appeal or 
other judicial action.”. 


1 6 SEC. 3. REVISION OF REGULATIONS. 


17 iVfter providing- for a notice and comment period, but 

18 not later than 180 days after the date of enactment of 

19 this Act, the Administrator of the Environmental Protec- 

20 tion Agency shall rewse the regidations under section 

21 319(b) of the Clean j\ir Act (42 U.S.C. 7619(b)) to cany 


22 out the amendments made by this Act. 

O 
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11 3th COXGRESS 
2i) Session 


H. R. 4957 


To amend the Clean /Vir Aet with respect to exceptioiial event, demonstrations, 
and for other pniiioses. 


IN THE HOUSE OF REPRESENTATIVES 

June 25, 2014 

Mr. OlAON (for himself, Mr. MrC’AKTin' of Califoniia, Mr. .McCi.intock, Mr. 
ScmVEIKERT, Mr. STOCIOUX, Mr. ClLt>’PETZ. Mr. PE.UtCE, Mr. 
PoMPEO, Mr. C.oiPBEi.i., .Ml'. Tipton, .Mr. Sai.Mon, .Mr. Weber of 
Texas, Mr. Duxi’.xx of South Camlina, Mr. Gos.xR, .Mr. Poe of Texas, 
Mr. FR.X.XKS of Ai'izona. Mr. .N'EfOEB.tl.iER, Mr. JLutcn.ANT, .Mr. CvL- 
BER.SO.X, Mr. CON.WV.VY, .Mr. L.vrr.v, Mr. WilllUIS, and .Mr. KELLY of 
Pennsylvania) inti-odnced the folloniiig bill; which was refcrml to the 
Committee on Energj' and Connnei'ce 


A BILL 

To aiHCiul the Clean Aet tvitli re.speet to cxceptioiial 
event (lemoiisti-atiou.s, and for otlier purposes. 


1 Be it enacted by the Bennte and House of Representn- 

2 tiveji of the United States of America in Congress assembled, 

3 SECTION 1. SHORT TITLE. 

4 This Aet may be cited as tlie “Commonsense Legisla- 

5 five Exceptional Events Reforms Aet of 2014”. 
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2 

SEC. 2. CLEAN AIR ACT EX CEPTIONAL EVENT’S. 

Section 319(b) of the Clean iVir Act (42 U.S.C. 
7619(b)) is amended — 

(1) in paragraph (1)(B)— 

(A) in clause (i) — 

(i) by striking “(i) stagnation of air 
masses or” and inseifing “(i)(I) ordinarily 
occurring stagnation of air masses or 
(II)”; and 

(ii) by inserting “or” after the semi- 
colon; 

(B) by striking clause (ii); and 

(C) by redesignating clause (iii) as clause 
(ii); and 

(2) in paragraph (3) — 

(A) in subparagraph (B)(iv), by striking 
“to petition the Administrator to” and inserting 
“to submit a petition (in this section referred to 
as an ‘exceptional event demonstration’) to the 
Administrator to”; and 

(B) by adding at the end the following: 

“(C) Criteria for dbterjmination of 

EXCEPTIONAL EITiNT DEMONSTRATION. — 

“(i) In GENERAL. — The criteiia for 
e'srdence, analyses, and documentation ap- 
plicable to approval or disapproval of an 


•HR 4957 ra 



525 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


3 

exceptional event demonstration under tlie 
regulations under this section shall be stat- 
ed vdth specificity in order to minimize the 
discretion of the Administrator in approv- 
ing or disappiwnng that demonstration. 

“(ii) State PAitTiciPATiON. — The 
Administrator shall develop the criteria in 
conjunction with input from the States. 

“(iii) COXTEXTS. — The criteria shall 
reflect the varying levels of technical exj^er- 
tise and resources available in State and 
local agencies and the inning a^ailabilit,y 
of meteorological and other monitoring 
data in rural areas, and may ^’aiy with re- 
spect to different regions. 

“(iv) CONSlDER-VnONS. — In devel- 
oping the criteria, the Administrator shall 
consider the use of an expedited or .stream- 
lined api^roval process and conditions 
under which exceptional event demonstra- 
tions may be suitable for such a process. 
“(D) Timing of determination of ex- 

CEPTIONAIj event DEMONSTRATION. — 

“(i) De,adline for deteifmina- 
tion. — 
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“(I) In gen.ei{.\l. — Not later 
than 90 dara after submission of an 
exceptional event demonstration, the 
Administrator shall approve, dis- 
appnwe, or request additional infor- 
mation from a State regarding the ex- 
ceptional event demonstration. 

“(II) iVDR[INISTR.\TION. — If the 
Adn\inistrator does not approA'e, dis- 
approve, or request additional infor- 
mation relating to an exceptional 
event demonstration vithin the 90-day 
period described in svibclanse (I), the 
demonstration shall be considered to 
be approved on the day after the date 
on which that 90-day period ends. 

“(ii) Deadline ip .-vdditional in- 

FORALVTION REQUESTED. — 

“(1) In GENER-tL. — If the Ad- 
ministrator requests additional infor- 
mation from a State regarding an ex- 
ceptional event demonstration under 
danse (i), not later than 90 days after 
the submission of that additional in- 
formation, the Administrator shall ap- 
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prove or disapprove the demonstra- 
tion. 

“(II) AdministkiVtion. — If the 
Administrator does not approve or 
disapprove a demonstration for which 
additional information is submitted 
within the 90-day period described in 
subelanse (1), tlie demonstration shall 
be considered to be ajjproved. 

“(E) Burden of proof. — The regnla- 
tions promulgated under this section shall pro- 
wde that — 

“(i) a determination by the Adminis- 
trator uith respect to approval or dis- 
approval of an exceptional event dem- 
oiisti-atioii be based on a jjreponderance of 
the ewdenee; and 

“(ii) in making a determination, the 
Administrator — 

“(I) shall accord substantial def- 
erence to the findings of the State ex- 
ceptional event demonstration; and 

“(II) may develop and use anal- 
yses and consider e\idenee not pro- 
vided in the exceptional event dem- 
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onstration, subject to the condition 
that the analyses are developed by the 
Eindronniental Protection Agency. 

“(P) Ai^peai.s. — 

“(i) Disapproval. — 

“(I) In general. — Subject to 
subclause (11), disapproval by the Ad- 
ministrator of an exceptional event 
demonstration shall be considered 
final action subject to judicial reiiew 
under section 307(b). 

“ (II ) Limitation. — Notwith- 

standing subciause (I), disapproval by 
the Administrator of an exceptional 
event demonstration shall only be sub- 
ject to aiipeal bi' the State that sub- 
mitted the exceptional event dein- 
onstration. 

“(ii) Approval. — ^Approial by the 
Administrator of an exceptional event dem- 
onstration shall not be subject to appeal or 
other judicial action.”. 

SEC. 3. REVISION OF REGULATIONS. 

After providing for a notice and comment period, but 
not later than 180 days after the date of enactment of 
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1 this Act, the Administrator of the Environmental Protee- 

2 tion Ag-encA’ shall revnse the regulations under section 

3 319(b) of the Clean i\ir Act (42 U.S.C. 7619(b)) to cany 

4 out the amendments made bj^ this Act. 
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Lowering the ozone standard will uot measurably improve public health 

Bryan W. Shaw, Ph.D., P.B.; Sabine S. Lange, Ph.D.; and Michael E. Honeycutt, Ph.D. 

Texas Commission on Environmental Quality, Austin, Texas 

Bryan Shaw (5i2-239--55i0, Brvan.Shaw@.t ceq.texas.gov) ts Chairman of the TCEQ; Sabine Lange (512-239- 
3 1 08. Sabine.Lange@tceq.texas.gov) is a toxicologist in the Toxicology Division of the TCLQ; and Michael 
Honeycutt (512-239-1 793, Michael.Honevcutt@tcea.texas.gov) is the director of the Toxicology Division of the 
TCEQ. 

The Texas Commission on Environmental Quality (TCEQ) strives to protect our state’s public health and 
natural resources consistent with sustainable economic development. Tn accordance with this mission, the State 
of Texas alone has spent >S1B since 2001 striving to achieve the 1997 0.08 ppm ozone standard. Most of 
Texas’ air quality areas recorded their lowest ozone values ever in 2014. The Houston and Dallas/Fort Worth 
areas have seen ozone levels reduced 29 and 21 %, respectively, during the last 15 years, while the population 
has increased 34 and 29 %. We will continue to expend resources to achieve the 2008 75 ppb ozone standard, 
which has yet to be fully implemented by the United States Environmental Protection Agency (USEPA). 
However, as the concentration of ambient ozone decrea.ses, it becomes exponentially more difficult, and 
expensive, to attain further reductions. USEPA is poised to lower the standard further. While cost cannot be 
considered in setting the standard, the high cost of further lowering the standard necessitates that this be a sound 
policy decision and will result in measurable health benefits. 

USEPA bases their proposal to lower the ozone standard on three key endpoints - premature mortality, 
respiratory morbidity (asthma exacerbation, emergency department [ED] visits, hospital admissions [HA]), and 
lung function (primarily FEVi [Forced Expiratory Volume in 1 second, a measure of lung function] 
decrements). We agree that respiratory effects can occur at the high ozone coneentralion.s that were measured 
in the 1980’s and ‘90’s. The pertinent question is whether lowering the ozone standard from 75 ppb to 70 or 65 
ppb will result in a measurable reduction in these effects. In tliis short review, we consider some important 
concerns with USEPA’s conclusions about the health effects of ambient ozone concentrations. We conclude 
that USEPA has not demonstrated that public health will measurably improve by decreasing the level of the 
ozone standard. 


Ecological epidemiology studies are not adequate for setting the standard. 
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USEPA relies heavily on ecological epidemiology studies for their assessment of premature mortality and 
respiratory morbidity. These studies have been very inconsistent in their findings, and Haws, biases and unusual 
characteristics of the data have made them difficult to interpret. One unusual and as-yet unexplained 
characteristic of the epidemiological associations between short-term ozone exposure and mortality is regional 
heterogeneity. This heterogeneity means that different cities have different associations between short-term 
exposure to ozone and mortality, and very few of those associations are positive' For example, Smith and 
colleagues' found only 7 of the 98 cities investigated showed a statistically significant positive association 
between 8-hour ozone concentrations and mortality (this is very close to the 5% that would be expected purely 
by chance). Additionally, there was no association between the estimated effect of ozone on mortality for a city 
and the concentration of ozone in that city (Figure 1). USEPA^ estimates short-term mortality impacts based on 
Zanobetti and Schwartz'' and the Smith study'. However, the Concentration Response Functions (CRFs) vary 
from negative to positive for the same city, depending on study selection, ozone averaging time, model 
specifications, and ozone season. In fact, most of these estimates are indistinguishable from zero. USEPA uses 
a pooled nationwide estimate for their risk calculations, but the substantial heterogeneity between cities that 
ranges from positive to null or even negative (i.e. higher ozone concentrations correlated with reduced 
mortality) makes this nationwide estimate misleading and overestimates ozone risk. 

The relationship between long-term ozone exposure and mortality has been investigated in at least 1 2 
epidemiology studies'^''^ When considering other potential causes of mortality, such as other air pollutants, only 
one of those studies''’ showed a statistically significant (but very small) effect of ozone on respiratory mortality. 
Interestingly, the effect only occurred at temperatures above 82°F. It is known that very wann or very cold 
temperatures are assoeiated with increased mortality'^. Paradoxically, the increased mortality was not observed 
in US regions with the highest ozone concentrations (southern California) nor in areas with the highest number 
ofrespiratory deaths (the northeastern US and the industrial Midwest). Therefore long-term mortality studies 
also demonstrate unexplained regional heterogeneity and mostly don’t show associations between ozone and 
long-term mortality. 

Ecological epidemiology studies suffer from severe exposure measurement error, because they assume that 
people are continuously exposed (24 hours a day, 7 days a week) to the pollutant concentrations measured at the 
ambient monitors. In the case of ozone this error is even more egregious, because of the nature of ozone as a 
pollutant. Ozone is primarily an outdoor pollutant, with ventilation and indoor structures scavenging it and 
removing it from indoor air. The average American adult, senior citizen and child will spend only 5.3%, 5.8% 
and 7.9% of their time outdoors, respectively'^, and so they will often not be exposed to ozone. Studies'" that 
have investigated ozone personal exposure and compared it to ambient concentrations have found that personal 
exposure is much lower than ambient exposure (about 10% of the mea,sured ambient level), and that there may 
not even be a correlation between personal and ambient concentrations"""'^ Even outdoor workers (who 
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IJSEPA considers lo be an at-risk population) experienced personal ozone concentrations that were only 60% of 
ambient concentrations^'^. Because of this personal exposure issue, the use of ambient ozone concentrations as a 
proxy for ozone exposure concentrations grossly overestimates their exposure, and therefore risk. This is 
particularly true of the short-term mortality data, where the subjects of the study (who are mostly elderly) are 
within days of death when the ambient concentrations are measured, and so are even less likely to be outdoors. 
Altogether, this means that it is highly unlikely that the measured associations between ozone and respiratory 
mortaiity/morbidity are plausible, because the ozone exposures of the people in the population are so low. Were 
al/ of the hundreds of thousands of people in the epidemiology studies outside for 8 hours the day immediately 
before their deaths? In fact, this concern was raised by the Clean Air Scientific Advisory Committee (CASAC) 
ozone review panel, USEPA’s scientific advisors, in a June 5, 2006 letler^^ to USEPA: "The Ozone Staff Paper 
should consider the problem of exposure measurement error in ozone mortality time-series studies. It is known 
that personal exposure to ozone is not rellected adequately, and sometimes not at all, by ozone concentrations 
measured at central monitoring sites. ...Therefore, it seems unlikely that the observed associations between 
short-term ozone concentrations and daily mortality are due solely to ozone itself.” This difference between 
ambient ozone concentrations and personal exposures is critical for interpreting both epidemiological studies as 
well as clinical exposure studies. 

Lung function decrements are not likely to be adverse at levels of ozone below the current standard. 

The TCEQ agrees with the USEPA that the ozone clinical data are best for setting the ozone standard. The 
American Thoracic Society (ATS) defines adversity as a significant decrease in FEVj with a significant 
increase in symptoms^^. The ATS notes that FEV? decrements can vary by as much as 5% in healthy adults 
within a single day and by 15% or more from year to year. USEPA defines a 10% FEVi decrement in a 
sensitive population as an appropriate adverse effect to protect against because it is mild and reversible. 

USEPA asserts that two clinical studies, by Kim and colleagues'’ and Schelegle and coileague.s^^ justify 
lowering the current 75 ppb standard. The Kim study reported statistically significant FF.V [ decrements 
(1.71 %) in healthy young adults after 6.6 hours of 60 ppb ozone exposure while exercising heavily for 50 
iTiinute.s out of every hour. However, these decrements are within normal variation and are not adverse by 
either the ATS criteria (because they were not statistically associated with symptoms), or by USEPA's criteria 
(they were less than 10%). The Schelegle study reported statistically significant FEVi decrements (5.34%, 
7.23%, 1 1 .42%, respectively) associated with symptoms in healthy young adults after 6.6 hours exposure to 72, 
81, and 88 ppb ozone, but not 63 ppb ozone, while exercising heavily for 50 minutes out of every hour. For 72, 

8 1 and 88 ppb ozone, this exposure meets the ATS criteria for adversity, but at 72 and 8 1 ppb, it does not meet 
USEPA's criteria of adversity until 88 ppb, which is above the current standard. 
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To claim that the lung effects at 60 and 72 ppb from the Kim study and the Schelcgle study are adverse, even 
though the group mean FEV i decrements were not adverse, USEPA notes that at 60 ppb, 3 ot 59 study subjects 
had FEVi decrements greater than 10%, and at 72 ppb 5 of 31 individual participants had FEVi decrements 
greater than 10%. Therefore, USEPA is essentially basing their assertion of adverse effects occurring at 
concentrations lower than the current standard on these 8 individual measurements. On the other hand, 5 of 3 1 
individual participants had increases in FEV| after 72 ppb exposure. The remaining participants showed little, 
if any, change in FEV|, altogether confirming the known large inter-individual variability in lung function 
responses. Lung function returned to baseline for all of the participants within 1 -4 hours after cessation of 
exposure^^. As noted by Folinsbee and colleagues"^ and McDonnell and colleagues'*^ the exposure regimens 
used in the Kim and Sehelegle studies simulate work performed during a day of heavy manual labor in outdoor 
workers. This is an unrealistic exposure scenario for sensitive subpopulations sueh as asthmatic ehildren and 
elderly chronic obstructive pulmonary disease patients. In addition, these lung function decrements would be 
transient, reversible, would not interfere with normal activity and would not result in permanent injury or 
respiratory dysfunction’'. Further, USEPA evaluated these effects based on exposure concentration, not dose (a 
function of exposure concentration, time, and ventilation rate). The healthy young study participants exercised 
vigorously for the majority of their 6.6 hour exposure, dramatically increasing their dose (and therefore 
response) as compared to a resting or moderate exercise ventilation rate for the same exposure concentration. 
Given these facts, the USEPA has not demonstrated that lowering the ozone standard from 75 ppb to 70-65 ppb 
will result in a decrease in adverse lung function effects in the population. 

The evidence for ozone exacerbation of asthma is insufficient. 

USEPA investigated the epidemiology studies that show effects of ambient ozone concentrations on asthma 
health outcomes. Keeping in mind that these studies suffer from the same exposure measurement errors as the 
mortality studies, USEPA showed that 21 of the 33 reported associations between ozone and asthma symptoms 
were not statistically significant, and those that were significant were not consistent with one another"*. This 
result is quantified in the regulatory impact analysis’^, where USEPA shows that there is no statistically 
significant decrease in asthma exacerbations with a decreasing level of the ozone standard. USEPA also states 
that FIA and ED visits are robust to co-pollutant confounders, but does not mention investigation of 
confounding by pollen, which is a known, strong inducer of asthma”'”. Also, confounding by race, ethnicity 
and household poverty are important considerations, as was shown in a recent study demonstrating that asthma 
incidence and morbidity is not more associated with urban (more polluted) areas, but rather with ethnicity and 
poverty”. Therefore, USEPA should not have drawn the conclusion that ozone enhances a.sthma morbidity at 
ambient concentrations based on this data. 

In conclusion, the TCEQ thinks the thoughtful integration of the scientific data does not support the assumption 
that lowering the ozone standard from 75 ppb to 70-65 ppb will result in measurable health benefits. The 
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ecological epidemiology studies are critically flawed due to severe exposure misciassification because personal 
exposure to ozone is -10% of ambient levels, dramatically reducing the ozone dose people actually receive. 
The clinical studies do not indicate anything beyond mild, reversible effects below 75 ppb. It is biologically 
implausible that 8-hour ambient ozone concentrations below 75 ppb would cause mortality when they do not 
cause mild effects. 
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Figure 1. Association between 2008 ozone design values and 8 hour effect estimates of cities from Smith 
2009. Approximate mortality effect estimates (in percent rise per 1 0 ppb increase in 8-hour ozone) from 
different cities in Smith el al. (2009) are plotted against the 2008 ozone design values (the 4^^ highest ambient 
ozone concentration, averaged over the years 2006-2008) for the matched core-based statistical area (CBSA). 
Blue points represent cities where mortality was not statistically associated with ambient ozone concentration 
and red points represent cities where mortality was statistically associated with ambient ozone concentration. 
The correlation coefficient for the relationship between the mortality effect estimates and the ozone design 
value.s (R^) is given. If ozone and mortality were associated, one would expect an increase in mortality as ozone 
coneentration.s (design values) increase. 
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U.S. NEWS 

Los Angeles Sees Health Benefits as Its 
Smog Haze Clears 

Twenty-year USC study shows "significant improvements” in lung function in children 
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By ERICA E. PHILLIPS 

March 4, 2015 5:00 p.m. ET 

LOS ANGELES —This region of the country, famous for its balmy weather and 
glamorous lifestyles, is perhaps equally infamous for its congested freeways and 
signature haze of polluted air. 

But researchers at the University of Southern California say that reputation may 
need amending; pollution in L.A. has declined significantly over the past 20 
years, they say, and as a result, residents here are healthier. 

In findings from a 20-year study to be published Thursday in the New England 
Journal of Medicine, W. James Gauderman of USC^s Keck School of Medicine 
and several colleagues show that cleaner air in Southern California has led to 
“significant improvements” in lung function and lung growth among children 
here. 

“The results of our investigation make it clear that broad-based efforts to 
improve general air quality are associated with substantial and measurable 
public health benefits,” the paper says. 


Breathing Easier 

A new research paper reports that improved air quality in Southern 
California has led to stronger iung development among children. 
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The children’s Health 
Study has measured 
lung function and 
development in three 
separate groups of 
children duringthe 
years 1994-98, 
1997-2001 and 2007-11. 
The children were 
tested each year from 
roughly age 11 to 15, 
when the greatest 
growth in lung 
capacity and function 
occurs. 

Earlier published 
findings from the 


ongoing Children’s 

Health Study showed that children living in heavily polluted areas experienced 
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Stunted lung development, and children living near busy roadways were more 
likely to develop asthma. The latest findings, Mr. Gauderman said, are more 
optimistic. 

The paper focuses on children in five California communities with heavy air 
pollution— Long Beach, Mira Loma, Riverside, San Dimas and Upland. Outdoor 
monitoring stations, which have been measuring air pollution in those areas 
since 1994, showed large declines in the levels of fine particulate matter and 
nitrogen dioxide over the past 20 years. As those levels declined, lung-function 
development among the child subjects of the study— measured as the amount of 
air one can exhale after taking a deep breath— improved substantially. 

That is important, Mr. Gauderman said, because “reduced lung function in 
adulthood has been strongly associated with increased risks of respiratory 
disease, cardiovascular disease and premature death.” 

In Southern California, the sources of air pollution are many, from the millions 
of vehicles coursing down freeways, to local industry and the trucks, trains and 
ships moving in and out of the ports of Los Angeles and Long Beach— all of it 
aggravated by the geography of the L.A. basin, which traps much of that air. 

Emissions standards and other local, state and federal regulations implemented 
in the past two decades have contributed to a major decline in the monitored 
levels of harmful particulates and chemicals in the air, and the region has seen 
dramatic improvements in visibility and air quality since the 1990s. 

As the air quality improved, it has presented researchers with an opportunity: 
rather than test whether pollution has adverse effects on health, which many 
studies have already shown, Mr. Gauderman’s team was able to investigate 
whether improvements in air quality led to better lung health. Their findings 
indicate that that is indeed the case. 

Said Mr. Gauderman; “It’s strange to be reporting positive numbers instead of 
negative numbers after 20 years.” 

Write to Erica E. Phillips at erica.phillips@wsj.com 
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State of West Virginia 
Office of the Governor 
1900 Kanawha Boulevaro, East 
Charleston, WV 25305 
(304) 558*2000 

Earl Ray Tomblin 
Governor 


I-cbruary 19, 2015 


The Honorable Gina McCarthy 
Administrator 

U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, N.W. 

Washington, IlC- 20460 

Administrator McCaivthy: 

I have always believed it is critical for my Administrarton to ^^•ork with the U.S. Environmental 
Protection Agency (EPA) to develop reasonable and achievable goals that balance the environmental 
protection wc all want witli the opportunity' for economic gri)\vtli that all West Virginians dcserv’c. I 
appreciate your continued wiliingncvss to meet with me to discuss ilie unique challenges EPA policies 
present: to West Virginia industry', business and our residenrs. How'ever, I remain concerned many ol' 
these policies continue to threaten the livelihood ol’ families and communities in our state. 

On December I, the West Virginia Deparrmenr of En\'ironmental Protection (WVDEP) filed 
comments on the EPA’s proposal to regulate grccnitouse gas (GHG) emissions from existing power 
plants and expressed numerous practical, legal and econonuc concerns, not the least of wliich is the 
potential kiss of thou.sands of We.st Virginia jobs and hundreds of millions of dollars in wages. 

The EPA is once again considering a rule - this rime a stricter ground-level ozone standard - 
that could haw an even more severe impacr on West Virginia and our residents. 

West Virginia iva.s always made consistent good falrh efforts to -work with the EPA on a number 
of environmental protection efforts. We arc alway'S willing to discUsSs rtaisonahle and achievable goals to 
improve the quality of our environment and have already allocated significant resources and ciforts to 
ensure we comply with the federal grounddeve! ozone standard of 75 parts per billion (ppb) established 

in 2008 . 

The new proposed standard for ground-lex'el ozone, however, is extremely concerning. With 
work still being done to implement the 2008 standard, this new standard is impractical and 
unattainable. Eorty'five percent of the necessary controls to achieve this standard are classif ied in the 
proposed rule a.s “unknow’n." With this in mind, the introduction ol a new ozone standard has the 
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Off'sce of the Governor 


ixircntial lo cause a rrciucniious negative itnpaet e)n our state’s econoiny would make the 
economic pix>s'pcc!s for working families even more challenging. 

Though West Virginia maintains a strong commit ment to prCvSen’ing our cnviroiuncnr for 
generations to enjoy, I am simply unable to endorse a proposal that will cause htu’dship for already- 
srniggiing West Virginia families, i urge you to niainiain the current ozone standard ol 75ppb. 

Our WVDKP will be filing formal comments regardisig this rule in advance of the comment 
jteriod deadline. 

I sincerely hope we idcntif>' a path to balanced environmental jx^flicics, and I look forward to 
working together to find common-sense solutions regarding this issue. 


Sincerely, 

Karl Ray Tomhiin 


/ / 


--Cli 


Oovernor 


O 



